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| 1. U2.3. lekartas prototipa saliksana un laboratorijas testésana (papildindjums)

I 1.1. MATLAB signalu generatora uzlabojumi.

I Izmainas MATLAB GUI

Lai uzlabotu programmatdiras lietoSanas értibu testu laika tika ieviesta generatora parametru saglabasana
faila un parametru nolasiSana no faila. NospieZot taustinu U tiek izsaukts dialogs kur var izvéléties ‘.mat’
failu no kura var ieladét generatora visu ¢etru programmu konfiguraciju. Savukart, nospiezZot taustinu V tiek
aizsaukts dialogs lai izvélétos .mat failu kur tiks saglabata vis cetru programmu konfiguracija ka ari
diskretizacijas frekvence un dazi iek$éjie parametri kas ir nepiecieSami pareizai skanas programmu ieladei. Ir
veérts piebilst, ka dota funkcionalitate ievérojami atvieglo darbu ar programmu, jo nav katrreiz parstartéjot
programmu jaiestada visu ¢etru programmu parametri.

Sakara ar jauno taustinu pievienosanu tika izmainits taustinu H (iegaumét parametrus), T(programmas
izvéle), G(atskanot), R(nosatit uz mikrokontrolieri) izvietojums loga labaja pusé.
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MATLAB GUI koda tika realizéta iesp€ja viegli konfigurét minimalo un maksimalo frekvenci ko generée
generators un kas tiek attélots uz roktura “A” skalas. ST funkcionalitate ir nepiecie$ama lai saskanotu GUI

generétas skanas ar skanam ko generé mikrokontrolieris un skanu generatora mikroshéma.

I Izmainas generatora kontrollera koda

Generatora kontroliera kods tika papildinats lai nodrosSinatu gadijumveida pauzi. Turklat, tika ieviestas

izmainas kas ir saistitas uz pareju uz jaunu iekartas ieslégSanas, izslégSanas un skanu izvéles no pults

algoritmu (1-ieslédz, 2—izslédz, 3—skana N2, 4—skana N3).

I 1.2. Radiovadibas uztvéréja modificéSana

Problema: Originalais RF Solutions Hornet-X-3 lauj ar pults 4 pogam darbinat uztvéréja 4 relejus. Viena

reZima péc katras attiecigas pogas nospiesanas relejs tiek iedarbinats uz 1 sekundi, otra - pirma komanda

releju ieslédz, nakosa izsledz. Otro reZimu varétu izmantot visas ierices barosanas ieslégsanai/izslegsanai.

Tacu bez atgriezeniskas saites (vizualas vai citas) operators nevar saprast - ir ieslédzis vai izslédzis ierici.

Risinajums: Uztvéreju jamodificé ta, lai 1. pogas komanda ieslégtu 1. kanala releju, bet 2. pogas komanda -

izslégtu. Paréjas pogas (3. un 4.) paliek ierices reZimu parslégsanai.

Sim nolilkam uz uztvéréja plates uztvéréja tika uzmontéti
papildus elementi un partrauktas dazas kédes:
- ieeja Ch1l originala - t.s. digitala tranzistora (ar
ieblvétiem rezistoriem bazes kédé, kas Jauj vadit
tiesi ar logisku lTmeni) ieeja. Q1 originala vadija 1.
kanala releju;
- Ch2 - attiecigi Q2 ieeja (abi Q1, Q2 demontéti).
Originala uztvéréja dalas skicé - zila krasa.
Modificéta sléeguma augsts limenis (5V) no Chl atver
tiristora struktdru T1,T2. Un ta paliek atvérta (iedarbinot 1.
kanala releju), Iidz augsts lmenis Ch2 ieeja atver
tranzistoru T3, kas aizver tiristora struktGru.

12v

R5 10k
T1 BC557

Chi _ RL10k

R2 10k
T2,3
BC182L

=
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I 1.3. Akumulatora aizsardziba

Probléma: lekarta izmantotaja LP12V60AH+ akumulatora nav iebilvéta nekada balansésanas un aizsardzibas

pret parak dzilu izladi shéma. RaZotajs garanté, ka balanséSanas shéma neesot vajadziga. Toties par

aizsardzibu pret parak dzilu izladi japardpéjas lietotajam. Dokumentacija noradits, ka izlade I'dz 11,0V izraisa

vienas vai vairaku stinu neatgriezeniskus bojajumus.

Risinajums: Starp akumulatoru un slodzi
(iekartas paréjo dalu) tiek ieslégta
aizsardzibas shéma, kas partrauc slodzes
barosanu, akumulatora spriegumam
samazinoties Iidz 11,5V. Pati shéma patéré
ap 5mA, un akumulatora talaka izlade lidz
kritiskajam 11,0V spriegumam ilgs vairakas
diennaktis.

Akumulatora spriegumam sasniedzot 12,0V
(uzlades laika), shéma atgriezas normala
stavokli, atverot lauktranzistora T1 slédzi.

Akum +

R1
68k+4k7

Akum -

T1 IRF 9540

Slodze +

Slodze -
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| 2. U3.1. Testésanas plana izstrade

I 2.1. Skanas izplatiSanas testéSanas proceddras

I Teorétiskais pamatojums

e Skanas limeni SPL méra ka spiedienu p. Ja spiedienu izsaka dB, tad to sauc par SPL:
SPL = 20 1og(pﬁ), (1)
0

kur po=1pPa. Ja janosaka spiediens pie dota SPL tad lieto formulu

P=Dpo" 1OSPL/20 (2)

e Hidrofona jattbu méra V/Pa. Parasti jutibu izsaka dB pret 1 V/uPa. Hidrofonam TC4032-1 jatiba ir

aptuveni -170 dB. Tatad pie spiediena 1pPa hidrofons generé spriegumu ar efektivo vértibu
-170

1020 =3.2-107°V. Sis lielums liecina par |oti augstu hidrofona jatibu salidzinot ar citiem
hidrofoniem.

e Jair nepiecieSams noteikt SPL péc nomeérita sprieguma efektivas vértibas U, tad izmanto formulu:
SPL = 2010g(;1), (3)
0

kur Ug ir sprieguma efektiva vértiba pie viena pPa spiediena. Pieméram, ja hidrofons TC4032-1 generé
32mV, tad skanas spiediens ir
3.2:1072 (4)

) = 140dB re 1pPa.

r vérts atzimét, ka skajruna jattbu méra apgrieztas vienibas dB pret 1 puPa/V. Pieméram, ja skalruna
jatiba ir 160 dB 1 pPa/V, tad pie sprieguma efektivas vértibas 10V uz skalruna spailém tas 1m attaluma
rada spiedienu

150 (5)
p=10%1020 * 107¢ =103 Pa
3
SPL = 201og(10°/, 1_¢) = 180 dB re 1pPa.

e Ja hidrofons TC4032-1 atrastos 1m attaluma no $ada skalruna, hidrofonam pie spiediena 103Pa
batu jagenereé spriegums ar efektivo vértibu

U=U0y10""20 = 3.2-102-10"%"%20 = 3.2v (6)

e Ja attalums starp hidrofonu un skalruni nav 1m, tad Gdens vajindjums (kopa ar kabela un
priekpsastirprinataja ietekmi) tiek pieskaititi hidrofona registrétajam SPL. Sekla Gdeni var izmantot
empirisko spiediena vajinajuma formulu K= N log(R), kur R ir attdlums un N ir empirisks
koeficients, kas parasti ir 15. Ja ir nepiecieSsams veikt precizaku aprékinu var izmantot avotu (Miiller
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R, m 1 2 5 10 50 100 200 500 1000
K, reizes 0 5 10 15 25 30 35 40 45
K, dB 0 13 20 24 28 30 31 32 33

e Pieméram, dotais hidrofons ar jatibu -170dB generé 32mV. Sada gadijuma dotaja punkta spiediens
ir

3.2:1072
2220 ) = 140dB, (7)

kas atbilst p = py - 10°""20 = 10Pa. Ja skalrunis ir novietots 1000m attaluma, tad vajinajums ir K =
1510g(1000) = 45 reizes, jeb 20log(45) = 33dB. Novértétais skanas spiediens 1m attdluma no
skalruna bs

SPL = 201og(

p = 10  151og(1000) = 450Pa (8)
,jeb
SPL = 20log (#50/, 1) = 173dB re 1yPa (9)

SPL = 140 + 33 = 173dB re 1uPa (10)

e Katram meérijumu instrumentarijam, kura ietilpst hidrofons, audio pastiprinatajs un ACP, ir
nepiecieSama kalibrésana. Labak kalibrét visu sistému kopa, bet ja tas nav iespéjams kalibré katru
elementu atseviski. Kalibrésanai var izmantot iekartu, kas generé zinama limena skanas spiedienu.
Gaisa parasti izmanto iekartu, kas saucas “pistonphone”.

e Hidrofonam ir kalibréSanas ieeja, uz kuru padodot sinusoidalu signalu ar amplitidu lidz 10V, var
nomeérit ieblveta priekSpastiprinataja, kabela un input module kopéjo pastiprinajumu.

e Lliela nozime ir registréjosas iekartas ACP. Muasu gadijuma bitu vélams izmantot portativu
osciloskopu, vai USB osciloskopu, kas jau ir kalibréti.

e Ir janem véra, ka jatigiem un Iidz ar to liela izméra hidrofoniem ir saméra izteikta virziendarbiba, ka
pieaug pieaugot frekvencei. Virziendarbibu >10kHz var izraisit art hidrofona aizsargrezgis.

e Pirms iemércésanas tdent hidrofons ir jamitrina (janotira ar spirtu) tadéjadi novérsot gaisa burbulu,
kas ietekmé& mérijumus, rasanos uz hidrofona virsmas.

e Pastav tuva lauka (near-field) un tala lauka (far-field) mérijumi. Talais lauks ir tad, kad skalruni var
uzskatit par punktveida avotu un nav nekadu atstaroSanos.

e Informacija ir iegita no avota (Robinson, Lepper, Paul, & Hazelwood, 2014).

8 DP2 ZAR lekartas prototipa izstrade; DP3 Iekartas test€Sana realos apstaklos; DP4 Projekta
rezultatu izplatisana



Projekts ,,Paplasinatas funkcionalitates lieljaudas zemiidens
akustiska raiditaja izstrade ronu nodarito postijumu
samazinasanai Latvijas piekrastes zveja” Nr. 16-00-F01101-
Decembris 27, 2018 o[0[0[0[0)]

I Meérijumi (praktiska dala)

lespéjamas vietas, kur var veikt testéSanu:
o Noskanosanai der tilti uz Zunda kanala.
e Gala mérijumus javeic izbrauciena ar laivu pa ezeru vai diki, jo ir janovérs skanas atstaroSanas efekts.
e Attalumam skalrunis—hidrofons un skanas spiedienam no skalruna ir jabtt tadiem lai neparslogotu
hidrofonu.
Hidrofona kalibréSanas procedira:
e Hidrofonam pieslédz kabeli TL8144, input module EC6073, barosanas moduli EC6068.
e No generatora padod sinusoidalu 10kHz signalu ar amplitidu 1V uz Input module EC6073
kalibrésanas ieeju.
e Pieslédz osciloskopu Input module izejai un izméra signala amplitidu.
e Izrékina hidrofona iebivéta priekSpastiprinataja, kabela un input module kopéjo pastiprinajumu.
e Merijumu registracijai izmanto zemak doto tabulu.
N.p.k. leejas Unm, V Izejas Um, V Khig, reizes Khig, dB
0.1
1.0

SkaJruna kalibréSanas proceddra
e Skalruni notira ar spirtu un iegremdé udent.
e Hidrofonam pieslédz kabeli TL8144, input module EC6073, baroSanas moduli EC6068.
e Ar spirtu notira hidrofonu un ievieto Gdent 1m attaluma no skalruna.
e No generatora padod sinusoidalu 10kHz signalu ar 10mV amplitGdu uz pastiprinataju, kura izeja ir
pieslégts skalrunis.
e Ar osciloskopu noméra ieejas signala amplitidu pastiprinataja ieeja, uz skalruna.
e Ar osciloskopu nomeéra signala amplitidu input module izeja.
e |zrékina SPL un ieraksta tabula.
e Atkarto mérijumus, kamér SPL hidrofona atra$anas vieta sasniedz 180dB. Saja gadijuma input
module izeja jabit signalam ar amplitidu aptuveni Uy, = Kpig * 3.2 V2 = Kp;q - 4.5V.)
e MEeérijumu registracijai izmanto zemak doto tabulu.
N.p.k. Um past. ieeja Skalruna Un Um hidrofona SPL1m Ksk, dB
0.01

Meérisanas procedira
e Skalruni notira ar spirtu un iegremdé udent.
e No generatora padod sinusoidalu signalu ar vajadzigo frekvenci un amplitidu uz pastiprinataju,
kura izeja ir pieslégts skalrunis.
e Pieslédz kabeli TL8144, input module EC6073, baroSanas moduli EC6068.
e Ar spirtu notira hidrofonu un ievieto Gdent noteiktaja attaluma no skalruna.
e Arosciloskopu registré signala amplitidu input module izeja.
e Atkarto mérijumus saskana ar zemak doto tabulu.
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N.p.k. | Frekvence, f Attalums, R Vide Um past. | Skalruna U, | Hidrofona Un,
ieeja
1 5000 1 kanals
2 10000 1 kanals
3 16000 1 kanals
4 5000 10 kanals
5 10000 10 kanals
6 16000 10 kanals
7 5000 100 kanals
8 10000 100 kanals
9 16000 100 kanals
10 5000 1000 kanals
11 10000 1000 kanals
12 16000 1000 kanals
13 5000 1 ezers
14 10000 1 ezers
15 16000 1 ezers
16 5000 10 ezers
17 10000 10 ezers
18 16000 10 ezers
19 5000 100 ezers
20 10000 100 ezers
21 16000 100 ezers
22 5000 1000 ezers
23 10000 1000 ezers
24 16000 1000 ezers

Rezultatu apstrade
N.p.k. Hidrofona Un, SPL SPL1m
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| 3. U3.2. Iekartas testéSana

I 3.1. Hidrofona kalibrésana

Skanas spiediena limena mérijumu veikSanai testésanas laika tika izmantots hidrofons TC4032-1. Pirms
hidrofona lietoSanas tika veikta hidrofona kalibrésana péc sekojosa algoritma:

e Hidrofonam pieslédz kabeli TL8144, input module EC6073, baroSanas moduli EC6068.

e No generatora padod sinusoidalu 10kHz signalu uz Input module EC6073 kalibréSanas ieeju.

e Pieslédz osciloskopu Input module izejai un izméra signala amplitidu.

e |zrekina hidrofona ieblveta priekSpastiprinataja, kabela un input module kopéjo pastiprinajumu.
Zemak ir doti kalibréSanas rezultati:

leejas Uef, | Izejas Uef, .
N.p.k. Knig, reizes Khig, dB
mV mV
1 100 14.5 0.1450 -16.77264
2 200 15 0.0750 -22.498775
3 300 17.4 0.0580 -24.73144
4 500 24 0.0480 -26.375175
5 1000 39 0.0390 -28.178708
6 2000 74 0.0370 -28.635966
7 3000 106 0.0353 -29.036308
8 4000 144 0.0360 -28.87395
9 5000 178 0.0356 -28.971
10 6000 212 0.0353 -29.036308
11 7000 248 0.0354 -29.012927

signala limena, V
0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0

-10
-15
-20

-25

-35

3.1.att. Input modula vajinajums
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I 3.2. SkaJruna jutibas analize

Testos tika izmantots skalrunis LUBELL LABS LL9162T. Saskana ar izstradajuma pasi vidéja jutiba diapazona
no 1kHz lidz 20kHz ir aptuveni 160 dB 1 uPa/V. Tatad pie sprieguma efektivas vértibas 10V uz skajruna
spailém tas 1m attaluma rada spiedienu

w0 6 (1)
p=10%1020 % 107° = 1000 Pa

SPL = 2010g (1000/, ) = 180 dB re 1uPa

Tagad noteiksim kada sprieguma efektiva vértiba ir japieliek lai iegltu 185 dB re 1puPa:
185—-160
(2)

U=10 20 =17.78V

legutais skaitlis atbilst raZzotaja noraditajai informacijai.

I 3.3. Signala parraides testésana

2018. gada 20. aprili tika veikti signala akustiska signala parraides testi. So testu mérkis ir noskaidrot faktisko
izstarota skanas signala limeni dazados attalumos no zemidens skalruna. TestéSana notika Kipsalas jahtu
piestatnes teritorija. Testésanai tika izmantota sekojosa proceddra:

e Skalruniiegremde Gden.

e No generatora padod sinusoidalu signalu ar vajadzigo frekvenci un amplitidu uz pastiprinataju,

kura izeja ir pieslégts skalrunis.

e Pieslédz kabeli TL8144, input module EC6073, barosanas moduli EC6068.

e Noteiktaja attaluma no skalruna udent ievieto hidrofonu.

e Ar osciloskopu registré signala amplitidu un formu input module izeja.

Zemak ir doti testéSanas procediras rezultati:

skalrunis hidrofons
Psk/Phid
N-p-k- Rl m Uef vid, . SPLI dB
f Ues, V P, W - P vid dB
mV re 1uPa
1 5.123 1 0.09 | 0.002 89 0.015 | 198.39 8.32
2 5.123 1 0.83 | 0.173 700 1.000 | 197.39 7.61
3 5.123 1 211 | 1.109 800 1.960 | 190.49 2.47
4 10.123 1 0.41 | 0.028 160 0.060 | 190.69 3.28
5 10.123 1 1.21 | 0.245 500 0.490 | 191.20 3.01
6 10.123 1 2.60 | 1.128 900 2.250 | 189.68 3.00
7 15.123 1 0.52 | 0.025 100 0.029 | 184.58 0.71
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15.123 1 1.30 | 0.154 300 | 0.160 | 186.16 0.17

9 15.123 1 2.61| 0.617 500 | 0.490 | 184.56 -1.00
10 20.123 1 2.95| 0.397 100 | 0.029 | 169.49 -11.37
11 5.123 19.5 4.77 | 3.600 300 | 0.490 | 174.87 -8.66
12 10.123 19.5 0.82 | 0.113 55 0.012 | 175.40 -9.62
13 10.123 19.5 2.08 | 0.724 105 0.077 | 172.94 -9.72
14 10.123 19.5 3.74 | 2.327 220 | 0.168 | 174.30 -11.41
15 10.123 19.5 5.23 | 4.556 350 | 0.621 | 175.41 -8.66
16 15.123 19.5 4.10 | 3.300 200 | 0.250 | 172.66 -11.21
17 20.123 19.5 4.50 | 0.800 50| 0.029 | 159.81 -14.42
18 5.123 133 1.20 | 0.357 20| 0.001 | 163.37 -23.93
19 5.123 133 2.67 | 1.785 35 0.005 | 161.24 -25.49
20 5.123 133 5.88 | 8.658 70 | 0.024 | 160.40 -25.51
21 10.123 133 0.94 | 0.147 17 0.001 | 164.06 -22.72
22 10.123 133 2.34 | 0.910 50| 0.007 | 165.51 -21.42
23 10.123 133 4.71 | 3.695 100 | 0.030 | 165.44 -20.92
24 15.123 133 0.83 | 0.063 8.2 0.000 | 158.76 -28.00
25 15.123 133 2.34 | 0.499 14.5 0.001 | 154.73 -29.03
26 15.123 133 5.38 | 2.634 | 35.52 0.003 | 155.29 -29.89
27 20.123 133 5.00 | 0.500 10 | 0.000 | 144.92 -33.47

Paskaidrojumi par tabulu:

Parametrs Paskaidrojums
f Signala frekvence
R Attalums starp skalruni un hidrofonu

Skalruna Ues

Nomeérits lielums

Skalruna jauda P

aprékinats no Ues nemot véra pretestibu

Hidrofona Uefvig

Nomeérits lielums

Hidrofona jauda

Aprékinats ka Uezf

SPL

Aprékinats ka SPL = 20log(;-) +29, kur Uy =3.2-107°V nosaka
0

hidrofona jitiba

Psk/Phid dB

Jaudas zudums zemidens kanala. Raksturo kopéjo skalruna, Gdens un
hidrofona ietekmi.

Zemak paraditie grafiki ilustré skanas spiediena atkaribu no attaluma un no skanas frekvences. Analizéjot

3.2. att varam konstatét, ka skalrunis labak izstaro viszemako frekvenci (5.123khz), jo uz tas tam ir
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viszemaka pretestiba. Nemot véra, ka liela attaluma 10.123kHz signals ir visstiprakais, var secinat ka tGdent
labak izplatas 10.123kHz. Tas labi sakrit ar zinatniskaja literatira sastopamajam zemudens kanala parvades
raksturlikném.

Attieciba uz 4.Att varam secinat, ka skanas signals vajinas logaritmiski no attaluma un mérijumi labi sakrit ar

no konstrukcijam jahtu piestatné. S apstakla dé| koeficients A ir nedaudz mazaks un ir vienads ar aptuveni
12.

Skanas spiediena limena atkariba no frekvences

200.00
190.00
180.00
[ — SR N o
170.00 \
160.00
150.00
140.00
5.123 10.123 15.123 20123

frekvence [kHz]

e | N el 19.5m 133m

3.2.att. Skanas spiediena atkariba no frekvences
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Skanas spiediena atkariba no attaluma
200.00
190.00
180.00
170.00
160.00
150.00
140.00
1 195 133
attalums [m]
—8—5.123kHz =8 10.123kHz 15.123kHz 20.123kHz
3.3.att. Skanas spiediena atkariba no frekvences
I 3.4. Pilna prototipa testéSana Kipsalas jahtu piestatné

Sajos testos tika parbaudita korpusa peldspéja un elektronisko shému darbiba pirms testiem jira. Ar
hidrofona palidzibu tika uznemtas vairakas oscilogrammas lai noskaidrotu:

e Attaluma ietekmi uz akustisko svarstibu spiediena limeni (SPL)
e Signala viendabigumu un straumju ietekmi
e DaZadas forma impulsu izplatiSanos tGdent

Testésanai tika izmantoti 3 dazadi signali:

Npk F.Rez Frekvence, llgums, Darba Fronte, % | Imp. Pauze
kHz ms cikls skaits

rokturis | M A B C D E Q

1 RND 12 1000 40 10 32-gad 10

2 CON 10 1000 40 50 32-gad 10

3 Cup 14 250 100 50 32-gad 10
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File Control View Window

B single P> sca

“ Add channel

f £ chamnel 1 3
f orset  ov v
f Ronge:  [so0mujan [v
Channel 2 u
offist:  [ov =
Range: | s00mvjdv |

My Project
Discovery2

DEMO
2018-05-10 13:45:09.369

3.4.att. Nomeérita signala N1 oscilogramma 20m attaluma no skalruna (1. tests)

File Control View Window
B single P> scan Mode:  Screen | Auto ~|Source:  |channel 1 ~|Conditon: | _f" Rising ~ |Level: ov N

B RECORD1 Test2

“ Add channel

Channel 1 3
offet:  [ov v
Range: 500 mv/div|w
Channel 2 u
offiet: oV -
Range: | s00mvjdv |

My Project
Discovery2

DEMO
2018-05-10 13:49:35.945

3.5.att. Nomeérita signala N2 oscilogramma 20m attaluma no skalruna (2. tests)

3.4.att ir paradita uznemta signala oscilogramma pie impulsveida signala ar asu fronti un 1s partraukumiem
20m attaluma no skalruna. Kaut ari tika parraiditi vienadas formas impulsi ar dazadu frekvenci, sanemtaja
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signala ir novérojama impulsu amplitidas maina zemidens straumju ietekmeé ka art izplatiSanas atkariba no
parraidama signala frekvences.

Ar1 3.5.att liecina par diezgan strauju zemidens parraides kanala TpasSibu variaciju zemuadens straumju
ietekmé.

File Control View Window
M sre P son wode: sceen [ — condton: | { Ruarg 7Jueve

Bufters

2018-05-10 13:52:07.058

3.6.att. Nomeérita signala N3 oscilogramma 20m attaluma no skalruna (3. tests)

File Control View Window

B singe P sen Mode:  [screen v|[auto ~|source: |Channel 1 ~|conditon: | _f Rising v | Level ov v I

Buffers Test7 (@

Base: 2s/div ~
]
“* Add Channel

Channel 1 3
offset  lov £
Range: | 500 mV/div |-

Channel 2 ]
offeet: oV ™
Range: | 500 mvjeiv |

My Project
Discovery2

DEMO
2018-05-10 13:55:12.209

3.7.att. Nomérita signala N3 oscilogramma 20m attaluma no skalruna (4. tests)
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I 3.5. lekartas testéSana realos apstak|os

SinT atskaites dala ir apkopota zivju atbaiditaja (turpmak boja) testésana realos apstak|os.
Bojas testésana notika trijos testésanas etapos:

e Pirmais testésanas etaps.

e Otrais testésanas etaps.

e Tresais testéSanas etaps.

I 3.5.1. Pirmais testéSanas etaps

Pirmais testésanas etaps notika pasu spékiem, nepiesaistot zvejniekus.
Laiks: 10.05.2018 11.00-13.00
Vieta: Kipsalas, laivu piestatne, Riga, Kipsala, Balasta dambis (preti 36. numuram).
Merki:
e Izméginat bojas peldspéju;
e izméginat bojas iegremdésanas udeni proceddru;
e izméginat bojas iznemsanas procediru;
e izméginat talvadibas pulti;
e parliecinaties par signala izplatiSanos attiecigi teorétiski iedotajiem rezultatiem.
Rezultati:
e boja peld, bet tai piemit parak liela peldspéja. Tas tika atrisinats ar papildus balasta pielietosanu
e boju variegremdét Gdeni, bet butu értak, ja boja bitu aprikota ar rokturi;
e boju variznemt no ldens, bet bitu értak, ja boja bitu aprikota ar rokturi
e talvadibas pults radiuss bitiski samazinas, iegremdgjot boju tdent;

e akustiska dala atbilst patiesibai, signala rimsana atbilst teorétiskiem rezultatiem.

I 3.5.2. Otrais testéSanas etaps

Otrais testésanas etaps bija bojas funkcionalitates testéSana realos apstaklos istermina.
Tas notika iedodot boju uz vienu dienu realam zvejniekam
Adrese: Rigas Jiras licis, Saulkrasti, Rigas iela 77c, izpeldésana ap So vietu, aptuveni 500m no krasta.
Testésanas merki:
1. izméginat bojas peldspéju jlras apstak|os;
izmeéginat bojas ievieSanas Gdent proceddru jaras apstak|os;
izmeéginat bojas uzstadisanas procediru;
izmeéginat bojas iznemsanas proceddru;
testét korpusa stipribu;
testét komunikacijas moduli;
parliecinaties par signala izplatiSanos attiecigi teorétiski iedotajiem rezultatiem;

No s wN
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8. parliecinaties par signala llmeni krasta apstaklos;
iespéju robezas izméginat ronu atbaidisanu;
10. saklaustt atsauksmes no reala zvejnieka.

9.

Testésanas rezultati:

1.
2.
3.

bojas peldspéja ir pietiekama vilnojosas juras apstaklos;

boju ir iespéjams ievietot Gdent no peldosas laivas;

uzstadisanas procediira ietver sevi bojas noenkuro$anu jira, vai kada veida citu fiksaciju. Sis
tests uzradija nepiecieSamibu izveidot rokturus apkart bojai, lai bGtu kur piesiet virves. Bitu labi,
ja bojai apkart bitu gredzens ar caurumiem, kuram varétu stiprinat nepiecieSamos
stiprinajumus. TestéSanas momenta bojai bija tikai rokturis.

Boju var iznemt no jdras un ievietot laiva

Korpuss ir pietiekami stiprs, lai boja varétu peldét jara. (ja ir mérenie, lidz stipri vilni, vétras laika
nav testéts, testéts vienas dienas laika).

Komunikacijas modulis ir stradajoss, tas lauj no attaluma parliecinaties par bojas darboSanas un
akumulatora kapacitati, ka ari par bojas atrasanas vietu, temperatliru komunikacijas bloka un
galvena akumulatora apkartné, izmantojot mobilo aplikaciju. Darbojas tikai ir, ja ir izvéléta
mobila operatora zonas parklajums. TestéSanas apgabala zona bija.

Signals Gdent izplatas attiecigi teorétiski pielietotajiem modelim

Jaras krasta (pludmal€) signals nav sadzirdams. levietojot galvu, Gdent var saklausTt klusu signalu,
tatad pludmale esoSie cilveki nebis apdraudéti, ja boja bls uzstadita ne tuvak par 500m no
krasta.

Diemzél roni dotaja laika momenta un dotaja vieta nebija novéroti, lidz ar to ronu atbaidiSanu
nevaréja izméginat.

10. Atsauksmes no reala zvejnieka:

Boja izskatas parak liela, tai ir parak liela peldspéja, jaras vétras laika varétu radit problémas.

Vaja vieta ir bojas masts ar lukturiti

Esosa sanis novietoto rokturu, kas atrodas tuvu bojas vaterlinijai varétu izveidot plata gredzena veida apkart

visai bojai. Tad to varétu viegli ievietot no virvém izgatavota gredzena, vai ari pa tieSo stiprinat enkurus.

Varbut varétu paredzéet otru ligzdu, lai varétu ladét no peldosa dizelgeneratora.

I 3.5.3. Tredais testéSanas etaps: izméginajums ilgtermina

Testésanas merki:

1. Testét akumulatora baterijas ietilptbu
2. LietoSanas értuma tests
3. Testét boju ilgakaja laika posma, lai atrastu konstruktivus, un citus defektus, ko ieprieks nebija
iespéjams paredzeét.
4. Testét bojas spéju atbaidit ronus un aizsargat lomu no roniem
5. Uzklausit zvejnieku atsauksmes par boju
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Testésanas vieta, Carnikava, Rigas jiras licis, 500m no krasta, GPS: 57.151538 24.240899 (GPS koordinates
uzdotas aptuveni)

Testésanas ilgums:

Periods 17.05-11.09 Maijs — Septembris (ar partraukumiem bojas laboSanai)

Testésanas rezultati:

1. Akumulators var turét pari 100 stundam (ap 4 diennaktim).
2. Bojuvar ladét un izladét parasti cilvéki (ne elektronikas inZenieri).
3. Ronu atbaidisana:

Roni ir dzivnieki, kas dzivo jlra un barojas, no jira esosam zivim. DiemZzél roni atrada vienkarsaku veidu, ka
tikt pie zivim: ést zivis no zvejnieku uzliktajiem tikliem.

Lidz ar to ronu klatbdtni var novérot tiesa un netiesa veida.

TieSais veids ir vizuala vérosana

Vizuali vérojot juras virsmu roniem ir jaelpo gaiss, lidz ar to ik pa laikam tie iznirst un tad var saprast, kur
roni pasreiz atrodas.

NetieSais veids: par ronu klatbatni var spriest ari netiesa veida: t.i. péc tikla bojajumiem, péc uzkosto zivju
klatbltnes zvejnieku uzliktajos murdos.

Abiem veidiem ir savas prieksrocibas un trakumi.

Pirmais veids lauj noteikt ronu klatbGtni pasreizéja laika momenta, bet tas prasa visu laiku novérot jiras
virsmu. Otrais veids ir parocigs lai noteiktu ronu klatbltni ilgakaja laika posma, bet tas prasa murdu un
esoSo zivs apskati posma sakuma un posma beigas

Novérojumus veica zvejnieki, kas uzstadija, un, apkalpoja murdus, tika pielietota gan vizuala metode (murda
apkalposanas laika, nozvejas iznemsanas laika), bojas uzstadiSanas, novaksanas laika. Tika ari pielietota
netieSa metode — tika apskatiti tikli un zivis bojas uzstadiSanas un iznemsanas laika.

Novérosanas rezultati:

Roni peld 500m radiusa ap to atbaiditaju, un netuvas klat, kas atbaiditajs ir ieslégts. Momentos kad ir javed
boju ladéties roni saprot, ka atbaiditajs vairs nedarbojas, tie sak peldét murdu virziena, lai apskatitos, kas ir
murda. Tie novérojumi liecina par atbaiditaja efektivitati.

Atbaidttaja darbibas perioda uzkostas zivis tikla nebija konstatéti, tiklu bojajumi netika konstateéti.

I 3.5.4. TestéSanas laika pamanttie trakumi

Darbojoties ilgakaja laika posma tiek konstatétas sekojo$as nepilnibas un atklajas sekojoSie konstruktivi
prototipa defekti:
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postijumu

Prototipa (vai prototipa ekspluatacijas | lesp&jamie risinajumi Risinajumu
noradijumu) nepilnibas testésana
Ladesanas/skalruna savienotaja kontaktu | Kontakti tika nosméréti ar specialo | Palidzéja
oksidésanas SMEri (automasinas akumulatoru

kontaktu apkalposanai).

Metalisko elementu (karabinu, troses,
pie kuras ir piekabinats skalrunis, u.c.
korozijas bojajumi).

Attieciga elementa nomaina. Ka
risinajums  lietot elementus no
nerdséjosa térauda, vai ari no liniem.

Netika notestéts

Nepietiekama aizsardziba bojas | Signalizacijas pret nosliksanu: Tika notestéti

nosliksanas dé| Risinajumi tika izstradati, bet testésanas | laboratorijas
laika klGdas dé| tika atslégti. apstaklos
Elektronisko shému un kontaktu
hermetizacija ar specialo laku.

Savietojamibas problémas: boju var ladét | Izstradat risinajumus ari citam operaciju | Realizéts

tikai cilvéks, kuram ir viedais talrunis ar | sistemam, t.i. Apple

Android operaciju sistému,

Komunikacijas modula programmatiras | lestradat t.s. aréjo watchdog taimeri kas | Tika izdarits,

nestabila darbiba (“uzkarsanas”) kontrolétu un reagétu uz “uzkarSanas | izméginats, vairak
“ problemam tadu gadijumu

nebija.

Korpusa bija acimredzamas vajas vietas, | Tiks atrisinats jaunaja bojas korpusa | ----------

t.i. masts uz lukturi, kas tika izgatavots no | prototipa

plastmasas, uz ko noradija citi zvejnieki.

Korpusa izradijas ari sléptas vajas vietas: | Tiks atrisinats jaunaja bojas korpusa | ----------

t.i. apakséja dala ir uztaisita no | prototipa.

putuplasta. Piestiprinot cita biezuma | Tika izveidota hermétiska starpsiena.

trosi pie bojas, apakSas putuplasta

apvalka tika radita plaisa

Krass akumulatora kapacitates kritums | Akumulatora nomaina

(vai ladina noplade) péc nosliksanas Akumulators tiks hermetizéts

Shému un vadibas elementu oksidésanas | IztiriSana, testéSana, nomaina Testésana tiSam

péc nosliksanas Lai turpmak nebltu tada defekta | noslicinot boju

shémas, tiks nopUstas ar aizsarg laku

netiek veikta.

. Rekomendacijas no zvejniekiem

1. Masts ar lukturi ir vaja vieta $aja konstrukcija
2. Ir nepiecieSams mehanisms, ka izslégt lukturi darbibas laika.

3. Nevienmér ir vajadzigs masts ar lukturi, tas piesaista parak daudz uzmanibas. Labak boja batu

mazak pamanama

4. Loti neérti batu, ka boju ir javed ladéties. Daudz értak batu, ja bGtu vienkarsi mainams akumulators.
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I 3.6. lekartas uzlabojumu parskats un realizacijas

lekartas aktivas ekspluatacijas-testésanas laika tika atklatas nepilnibas, kuras bitu nepiecieSams novérst

talakajos prototipos, kas uzlabotu iekartas funkcionalas 1pasibas, samazinatu realizacijas cenu un ari

atvieglotu iekartas uzstadiSanu un apkalposanu.

Tabula tiek minétas noraditas nepilnibas, ka ari potencialie risinajumi, kas varétu tikt realizéti nakamas

paaudzes prototipos.

Nr.p.k. Konstatéta nepilniba Piedavatie risinajumi

1. Shémas ieslégsanai/izslégsanai tiek izmantota | Prototipa 2. realizacija tiek piedavats atteikties
talvadibas pults ar wunikalu elektroniskas | no talvadibas pults. lekartas ieslégsanu/
identifikacijas kodu, kas lauj ar1 izvéléties vienu | izslégSanu realizét izmantojot magnétisko
no uzprogrammeétiem signaliem. Nav paredzéta | slédzi. Generéjamo signalu izvéles funkcija tiks
iekartas ieslegsana/izslégsana pults | parcelta uz mobilo aplikaciju.
nozaudésanas, baterijas izslégSanas gadijuma.

2. Tiek izmantots akustisko signalu raiditajs ar loti | Nakamas realizacijas tiks izmantots specializéts
plasu frekvencu joslu (100Hz-20kHz), kas | zemidens akustiskais raiditajs ar |oti Sauru
manami parsniedz ronu dzirdes jutibas | frekvencu joslu 10kHz apgabala, kas Jauj
diapazonu. Minéta TpaSiba nosaka skalruna | samazinat gala iekartas cenu, ka art palielinat
(atbilstosi ari visas iekartas) augsto cenu. skanas spiediena [Tmeni intereséjosas

frekvences.

3. Tiek izmantots akustisko signalu pastiprinatajs | Veicot signalu generésanu 1. prototipa viens no
ar plasu frekvencu joslu, ka arT nepiecieSamibu | nosacijumiem bija generét signalus, kuru zemo
pielietot specifisku tam piemérotu sprieguma | frekvencu spektralas komponentes neparklajas
parveidotaju. ar zivju dzirdamibas diapazonu. Tika piedavats

specifisks signals ar |éni augo$sam un kritosam
frontém, kas samazinatu minéto efektu.

Tomeér, specializéta izteikti Saurjoslas raiditaja
izmantoSana nosaka iespéju generét nevis
specifiskas sinusoidalu signalu pakas, bet pa
tieSo meandru. Liekas zemo frekvencu
komponentes tiks dabiska cela nofiltrétas
raiditaja izeja. Tas, savukart, nosaka iespéju
izmantot vienkarSotu pastiprinataju ar augstu
lietderibas koeficientu.

4. Izveidotais korpuss neparedz akumulatora | Nakamos iekartas korpusos tiek noteikti
mainu, bet tikai ladésanu iekarta. lekartas | paredzéta iesp€ja izmantot mainamu
ladésanas laika pie tikliem jaliek otra iekarta, kas | akumulatoru. Tadejadi iekartas ekspluatacijas
manami sadardzina gala risinajumu, ka ari | laika nebils nepiecieSams uz manamu laiku
apgrutina iekartas ekspluataciju, veicot regularu | atslégt iekartu, vai veikt divu iekartu periodisku
iekartu mainu-noenkurosanu jara. mainu.
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I 3.6.1. Jauna tipa zemidens raiditaja izmanto3ana

‘ Airmar skalruna pretestibas meérijjumi

Lidz Sim par Airmar zinams visai maz:

1. “The 800W power rating RMS is at 2% Duty Cycle.”

Tas batu OK, lai art mums bis 10-20%, ari 80W bus griti nodrosinat.
2. “The impedance is 100 ohms.”

Nu tas gan bltu apSaubami.
3. Un $ada shéma bez elementu nominaliem:

l I_ BLUE POSITIVE

+ + 2X
PIEZOCERAMIC
[RING] 417NK

NEGATIVE

T I BROWN

3.8.att. Airmar skalruna principiala shéema

Rakstos, kur piemin Airmar, figuré ap 10kHz darba frekvence.

Pagaidam Airmar meérits tikai “sausos” apstaklos. lesp&jams, par ta uzvedibu Udeni varétu spriest péc
vasaras beigas sausi un slapji mérita Lubell rezultatiem. Krasas grafikos (kompleksas pretestibas modulis [Q]
log un lin mérogos, frekvence - [kHz]):

- violeta (roza) - Airmar sauss
- sarkana - Lubell bez trafo sauss
- zila - Lubell bez trafo Gdeni
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3.9.att. Airmar skalruna impedances meérijumi
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Secinajumi:

1. Lubell Gdeni pretestiba kluva mazak atkariga no frekvences (un pat pazuda pikis pie 8,5 kHz). Loti
ceru, ka ta bis art Airmar.

2. Untomeér Airmar pretestiba ir parak liela, lai tieSi barotu no 12V barota pastiprinataja. Vajadzés
transformatoru ar vijumu attiecibu ap 1:3 ... 1:5. Ta nav liela probléma.

Par moduli IBT-2 un transformatoru skalruna darbinasanai

Modula pieslégumi un vadiba

e 1
@ GiD 2
u P —  Feader
1= » @D
L O e 1w 2
= 100gRD =
GND o BE Al o 2 2 nlz
: 6 3 8 s 3
FER ) Sme our or  mH [
PR S1sk _ our [ T Heter2 T 4]opr sy R
| o] A4 Y4 == 5 2 2 5
g0 lgo lzs Ixs o as w2 & ( |
Res? Res Res Res] 157] 49 gf% R4 LIRS BINTO70 R6 IR7
KK KK | K ] &7 B Rest SRest BINWO70 $Rest 3Res]
i 4 X K |IK K |K
= 10
GD @b = = = = = =
7 SNTARRCIFDW GD GD GD GD GD GD
vee . =
! G

3.10. att. Modula IBT-2 shéma

Spraudna P3 izvadu nozime daZados avotos atskiras, tapéc tos tulkosim, izmantojot BTN7960 datu lapas
informaciju, kura:
IN - LOW limenis atlauj atvért apakséjo tranzistoru, HIGH - augs€jo;

INH - LOW limenis aizver abus tranzistorus, pie HIGH [imena atveras tranzistors atbilstosi IN stavoklim.

Moduli IBT-2 esosa SN74AHC244 mikroshéma satur 8 buferus (bez inversijas), tapéc minétie limeni attiecas

ari uz signaliem spraudni P3. Tikla avotos minéts, ka shémas reakcija uz IN un INH signaliem ir teju vienlidz
atra.

Darbinot caur transformatoru pieslégtu skalruni, vadiba notiktu sekojosi:

vienmer jauztur abu plecu IN signalus inversus (lai katru pusperiodu mainitu stravas virzienu slodze).
Lai to nodrosinatu, moduja shéma ir modificéta, ieklaujot viena pleca IN signala kédé invertoru
SN74AHC1GO0. Un virziena parslégsanas signals (meandra formas) tiek pieslégts P3-1 izvadam;
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stravas lielumu slodzé jamaina ar PWM signalu, ko pieslédz abiem pleciem paraléli vienlaikus
izvadiem P3-3 un P3-4. Un Seit 0-100% skala attiecinama uz katru meandra pusperiodu!

leejas ir pull-down 1kO0 rezistori. Akcepté 5V limenus, par 3,3V vél japarbauda.

lespéjamas signalu formas (krasas: P3-1 un P3-3, P3-4):

] | i ] | i

0%

10%

L

100%

11

3.11. att. lespéjamas signalu formas

Pielauju, ka kreisaja pusé attélota seciba ir programmiski vieglak realizéjama. Tacu vél nepiecieSama
parbaude - vai ir novérojami kadi blakus efekti. Pagaidam man tas neizdodas, jo riciba esoSajiem diviem

Tektronix AFG 3021B ir ierobezotas aréjas sinhronizacijas iespéjas. lespéjams, nemot talka veél treso
generatoru abu pirmo sinhronizacijai, tests izdosies.

Talak patéréta strava un spriegums skalruni uznemti pie 2x100% PWM (resp. P3-3=P3-4=HIGH).
Nakosas oscillogrammas apliecina tilta mikroshémas ieblvéto pauzes

funkciju (dead time - laika pauze starp pleca viena tranzistora aizvérSanu

un otra atvérsanu). Sim nolikam slodzé tika pieslégts rezistoru slégums,

kas pie aizvértiem abiem pleca tranzistoriem uztur apméram pusi no
barosanas sprieguma (6V):
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/
2. J

CH2 S00md M 100us CHA CH2 S00rny M 10008 CHA ™ CH2 S00my M 1000 s CHA ™
12-Dec-15 1816 9,93334 12-Dec-15 1617 333334 12-Dec—15 1813 13.3333

3.12. att. Eksperimentalas oscilogrammas

BTS9670 datu lapa teikts: dead time tiek automatiski pieskanots uzstaditajam izejas sprieguma augsanas
atrumam (slew rate), ko uzstada ar rezistoru starp SR izvadu un GND. Doti dati pie trim ST rezistora
pretestibas vertibam (0 / 5k1 / 51k) - slodzes sprieguma aug$anas atrums atveroties un aizveroties augséjam
un apaks$éjam tranzistoriem, ka ari frontes un pauzes laiki.

Modult IBT-2 saja vieta ielodéts 1kO0 rezistors, kas aptuveni atbilst oscillogammam:
— sprieguma slodzé kapjosas un kritosas frontes laiks - ap 1,5us
— sprieguma augsanas atrums - ap 5...10 V/us
— laika aizture tranzistora aizvérsanai - 2...3 s
— laika aizture tranzistora atvérsanai - 3,5...4,5 ps
Katra zina tas nozimé maksimali sasniedzamo impulsa saméru slodzé (2x100% meandra vieta) - tikai ap

2x90...2x95%. Bet tas nav liels zaudéjums, salidzinot ar ieglto drosibu darba un mazako komutacijas
zudumu jaudu.

Airmar skalruna jauda

Informacija ir visai pieticiga (kadreiz sanemta e-pasta):
- The 800W power rating RMS is at 2% Duty Cycle.
- The impedance is 100 ohms.

Pretestibas atkariba no frekvences jau tika iepriek$ mérita. Un 7 - 15kHz josla tai ir gan divi minumi (20 un
50 Q pie 8,0 un 11kHz), gan maksimums ap 1kQ pie 9,5kHz, gan 200-300 Q joslas malas (mérot sausa
stavokli). UdenT (sprieZot péc Lubell attiecigiem mérijumiem) $ai atkaribai vajadzétu jatami izlidzinaties.

Maksimalo pielaujamo jaudu gribétos interpretét sekojosi:
- ja pie 2% impulsa saméra pielaujami 800W, tad pie 100% (resp. nepartraukti) - tikai 16W.
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- darbojoties jlra, impulsa samérs svarstisies ap 5-10%, tad jaudai nevajadzétu parsniegt 80W.

Talak redzami pastiprinataja patérétas jaudas (kas tikai nedaudz parsniedz jaudu skalruni) atkariba no
frekvences. Mérijumos 80W jauda netika parsniegta, un tika ievérotas klusuma pauzes.

Transformators

80W jauda 1000Q slodzé nozimé 89Vrms spriegumu. Darbinot tilta slegumu moduli IBT-2, varam cerét uz
11V amplitidu (pie 12V baro$anas). Soreiz sinusoidalas formas vieta stasies meandra formas spriegums ar
tadu pasu efektivo vertibu 11Verms. Tatad vajadzigs transformators ar vijumu attiecibu 89/11=8.

Izmantoju jau iepriek§ lietoto toroida serdi Epcos
B64290L82x37 R50x30x20:

- materials - MnZn Siferrit T37 =
—  Wi=6000...6500 . .\\S
- optimals frekvencu diapazons 10-300kHz WY

— piesatinajuma magnetizacija BMAX=0,35T

- AL=12mH
- serdes efektivais $kérsgriezums AC = 1,95cm?

V,y *10°8

Primara tinuma vijumu skaitu aprékinu péc zinamas formulas Npg, = , kur

4+f*Byax *Ac
— VIN - ieejas sprieguma amplitida 11V;

— f - frekvence, Soreiz 7-15kHz joslas zemaka frekvence 7000 Hz;

- BMAX - lai nepielautu piesatinasanos, pienemsim 0,25T = 3000 G;

- AC=1,95cm?

leglstam 8,05 (resp. 9) vijumus primaraja pusé un attiecigi 72 vijumus sekundaraja.

leprieks uz tas pasas serdes tika uztits transformators ar 20 / 86 / 110 vijumiem, kas noderés ari 3aja
gadijuma. Vélak eksperimentus atkartosim pie vairakam vijumu skaita vértibam.

Jau esoSajam transformatoram vijumu attieciba ir (110+86)/20=9,8.

Patérétas stravas un jaudas atkariba no frekvences

Mérijumi veikti, iegremdéjot skalruni plastikas 20 litru spaini. Sie apstakli gluZi neatbilst darbam liel vai pat
neierobezZota tdenstilpné. lerobeZota Gdens masa un spainis varétu izraisit jaunas rezonanses frekvences vai
nobidit frekvencu skala esos$as (skalrunim pasam piemitosas). Bet ko lai dara...

Impulsa samérs - 2x100% (resp. P3-3=P3-4=HIGH).
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Talak redzama sprieguma forma transformatora izeja (resp. skalruna kabela ieeja) pie maléjam frekvencém
un pie 9,9kHz frekvences, pie kuras novéroju lielako patéréto stravu (6,5A no 12V avota).

Frekvence [kHz] 7,0 9,9 14,0
Uex [Vp-p] 284 266 306
Uex [Vcyclic RMS] 115 94,7 115
+* +* +*
M 25,005 CHA ™ M 25,008 CHA ™ M 10008 CHY ™
12-Dec—15 21:19 6.339336 12-Dec-15 21:22 3.53334 12-DOec-15 21115 133333
3.13. att. Eksperimentalas oscilogrammas

Te vérojami izsvarstijumi pie katras parslégSanas. Pie mazaka impulsa saméra sagaidama ilgstosaka
svarsti$anas (to jau novéroju, improvizéjot ar 10-20% impulsa saméru), kas varétu nozimét, ka izstarota
akustiska jauda bis nelineari atkariga no impulsa saméra. Bet to radis talakie eksperimenti.

Ka jau sagaidams, lielako Prot (W]

jaudu modulis IBT-2 4

patéréja pie frekvencém

ar zemaku skalruna
_ 50
pretestibu.

10
Laba zina - daZu sekunZzu =0
laika nenoveéroju
batiskas modula

10
temperaturas izmainas. f [kHz]
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Lai ari patérétas (un

skalruna izstarotas)
jaudas ievérojami
atskiras pie dazadam
frekvencem, efektivais
spriegums mainas maz.
batu

Vérojamas, mérot stravu

Lielas izmainas
caur skalruni.
Spriezot péc jaudas un
efektiva sprieguma, ta
neparsniedz 0,7...0,8A.
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Uex [Vrms]

f [kHz]

7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Par moduli IBT-2 un transformatoru skalruna darbinasanai_2

Par PWM impulsa novietojumu

Mérijumos: frekvence 10kHz un PWM impulsa garums 10us. Mainu
ta novietojumu (nobidi attieciba pret meandra fronti).

Novéroju patéréto stravu, spriegumu transformatora izeja (skalruna
kabela ieeja).

Krasas:
Violeta - meandra (plecu  parslégSanas)  signals
Zala - PWM signals
Zils - skalruna spriegums

Lieliski! Visos 4 gadijumos mérijumi uzrada vienu un to pasu.
Secinajums:
PWM signalu var sakt lidz ar meandra fronti:

N
1 =
T 1™

100%

Novérojumi pie dazada PWM impulsa platuma un frekvencém
Talak mérijumi veikti pie frekvencém:
- 7 un 14kHz - zemakas un augstakas, pie kuram vél bitu jéga
kaut ko izstarot
- 10kHz - aptuveni pie rezonanses, kur skalruni darbojas
visefektivak
Blakus oscillogrammam:
PWM impulsa garums un samérs (attieciba pret meandra
pusperiodu)
IBT-2 patéréeta strava no 12V un patéréta jauda
Ar oscilloskopu méritas skajruna sprieguma p-p un rms

o CHZ 50.0% M 25,005 CH3 &~
vértibas. CH3 5.00%  CH4 500 15-Dec—13 21:21 10,0001

PWM impulss sakas vienlaikus ar meandra kapjoso/krito$o fronti.
Uzmanibu! Divas vietas attélu seciba gluZi neatbilst pieaugos3ai
impulsa garuma secibai.

Vispirms - 7kHz frekvence:
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postijumu

35us 50%
Sus 7% 1,01A 12,1W
35mA 0,42W 334Vpp
194Vpp 124Vrms
46Vrms
40us 56%
8us 11% 1,45A 17,4W
66mA 0,79W 338Vpp
296Vpp 121Vrms
82Vrms
50us 70%
2,15A 25,8W
294Vpp
10us 14% 124Vrms
92mA 1,1W
324Vpp 45us 63%
88Vrms 2,15A 25,8W
296Vpp
124Vrms *
ol
20us 28% 55us 77% L..| ] 1] L—j
290mA 3,5W 2,05A 24,6 W “ T
330Vpp 296Vpp r/
111Vrms 123Vrms . |
H |
2545 35% 60us 84% o U
363mA 4,4W 2,06A 24,7W r—”
328Vpp 296Vpp |
123Vrms 122Vrms [
30us 42% 65us 92% ""U ] ] LJF
646mA 7,7W 2,01A 24,1W
332Vpp 294Vpp F/,
125Vrms 121Vrms .. |
CH2 50,04 M 25,008 CH3 ~
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Seko mérijumi pie 10kHz frekvences:

5us 5%
46mA 0,55W 25us 50%
194Vpp 1,76A 21,1W
53Vrms 332Vpp
116Vrms
s 16%
78mA 0,93W 35us 70% {'“"‘ r“" f‘*
286Vpp 5,72A 68,6W | |
2+
91Vrms 292Vpp
101Vrms ' i
3’ lir""'l'\ul lv"'“-\J ‘_.-4.
10us 20% 40ps 80%
135mA 1,6W 6,39A 76,7W
322Vpp 282Vpp ,
101Vrms 100Vrms Lt
20us 40% 455 90%
437mA 5,2W 6,43A 77,1W
340Vpp 286Vpp , , i
120Vrms 99Vrms ; : :
3’Mrﬂﬁ]—'~mrﬂ‘4l—:‘_
| | A I R |
30us 60% 49us 98% | \ |
3,68A 6,43A77,1W . | | |
44W 276Vpp IJ \ [ l [
340Vpp 99Vrms -, e R e W
109Vrms | | [ I |
4
CHZ G0.0y M 25.0,us CH3 .~ CH2 G0y M 25005 CH3 .~

CH3 So0%  CH4 5000 13-Dec-18 21:08 10,0001 CH3 500%  CHA 500 13-Dec-18 21:17 10,0007
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Un visbeidzot 14kHz:

* 15us 42% ¥
3,9us 11% 520mA
27mA 6,2W
0,32W 332Vpp
48Vpp 120Vrms
13,5Vrms
4pus 11,2% 20us 55%
57mA 805mA
0,68W 9,7W .,
284Vpp 320Vpp
89Vrms 123Vrms A d
10ps 28% 30us 83% [ﬂl
59mA o | 726mA
0,70W 8,7W = | (
300Vpp 322Vpp h___
100Vrms 118Vrms +
poed e L L e
s
13us 36% 35us 97%
164mA ., 770mA
1,9W 9,2W
330Vpp 300Vpp
114Vrms 118Vrms r_Jy_f‘f
poerd e e L L U I
CHZ 500V MA00s CH3 £ CHZ 5004 M100us CH3 .~
CH3 500%  CHe S00¥  13-Dec-13 2208 138330 CH3 500 CHY 500V 13-Dec-18 2224 138890
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Secinajumi:

1. PWM impulsa laika sakuma veértiba lai bGtu 4us. Pie 1saka impulsa izeja nekas nenonak. Un garaka -
100% jeb puse no meandra perioda. lesp&jams, bis grati uztaisit 100% bez “adatam”. Bet,
iespéjams, IBT-2 uz tdm nemaz nereagés.

2. Ar oscilloskopu méritas p-p un rms vértibas vien neko vél nenozimé. Liekas, IBT-2 patéréta jauda
precizak liecina par skalruna izstaroto jaudu. Bltu interesanti pamérit daudzmaz realos apstaklos
(nevis spaint) skanas spiediena atkartbu no impulsa saméra. lespéjams, ta nebUs lineara, un
maksimalais skalums nebis pie 100%.

3. It 1pasi pie maza impulsa saméra vérojamas rimstosas svarstibas ar 40...45kHz frekvenci. To nosaka
skalruna pjezo-elementa un parazitiskas kapacitates, taja ieblvétas spoles, un transformatora
induktivitates. Svarstibas vérojamas laika, kad visi tranzistori jau ir aizverti, bet primaraja tinuma
inducétais spriegums ir parak mazs (amplitlida zem 12V), lai atvértos tranzistoriem paraléli slégtas
aizsardzibas diodes. Resp. kontdru nekas nesunte.
Bet nesaskatu te neka bistama vai kaitiga. Neticu, ka skalrunis spéj izstarot tik augstu frekvenci.

4. Pienemu, ka pirmajam prototipam skanas impulsu sakuma un beigas PWM impulsa saméru varétu
mainit lineari (kamér nav zinama skanas spiediena atkariba no ta).
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I 3.6.2. Specifiska pastiprinataja uzlabosana

‘ Versija prieks vispariga MOSFET draivera un H-tilta

Saja aktivitaté tika uzlabots iepriek$gja atskaitisanas perioda izstradatais specifiskais pastiprinatajs. Tas ir
paradits 1.att. to blokshéma tika pilnigi parstradata, lidz ar to tadi bloki, ka trijstira generators, komparators,
invertors (tie ir iekrasoti zala krasa), tika integréti mikrokontroliert.

leejas signals, kas iepriek$ tika forméts izmantojot mikrokontrolieri lai aprékinatu signala amplitiddu un
frekvenci vajadzigaja momenta un specialo mikroshému XR2206 lai no Sis informacijas sintezétu sinusoidu
lidz ar to art var tikt vienkarSots, ta ka talakie apstrades bloki ir tepat iek$a, nav nepiecieSams lidz galam
sintezétu signalu, bet var operét tikai ar to frekvenci un amplitddu, lldz ar to XR2206 mikroshéma vairs
nebus vajadziga, un ieejas signals tiks pilniba realizéts mikrokontrolierr.

Mikrokon

trolieris

Komparators

l l IER MOSFET

/’ signals draiveris
XR2206

Komparators

H-tilts ¥

Audio

transformators

Zemudens

skalrunis

3.14. att. leprieks izstradata pastiprinataja blokshémas uzlabosana. Ar zalu iekrasotie bloki tiek
parnesti uz mikrokontrolieri. leejas signals, kas ieprieks bija sagatavots ar aréjam komponentém,
ar tiek parnests uz mikrokontrolieri.

Vél viens vienkarSojums bis tads, ka sinusoidala signala vieta, tiks izmantots meandrs. No mikrokontrolieru
viedokla meandra generésana ir nesalidzinami vienkar$aka neka sinusoidas generésana, jo meandram ir tikai
divi limen1, piem. 5v un Ov. Mikrokontrolieris ciparu izejas var generét tikai Ov un 5v. Bet sinusoidai [imenu
skaits ir vairakas reizes (pieméram 255 reizes lielaks ja nodrosina 8 bitu izskirSanas spéju), un tie ir, vai nu
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jaaprékina, vai nu jaglaba tabula, toties ar lai ar ciparu izvadu izvaditu vairaku l[imenu signalu ir jaizmanto
PWM modulacija.

No signalu teorijas viedokla sinusoidas aizstaSana ar meandru nozimé, ka, ja pieméram, misu atbaiditajs
strada ar 14kHz skanas frekvenci, tad meandram bez pamatharmonikas uz f1 = 14kHz, bis arT harmonikas ar
3f1, 5f1, 71, t.i. 42kHz, 70kHz, 98kHz frekvencém, kas nebltu vélami atbaidrtaja darbibai, jo bls dzirdami
zivim un atbaidis tos. Bet Sie signali neparadisies Gdent jo zemidens skalrunim ir ierobeZota atskanoto
signalu frekvencu josla un $ada signali ir arpus atskanojamas frekvencu joslai.

Visi bloki, kas tika iekrasoti zali 3.14. att. tiek realizéti ar specialo taimerl objektu kas ir mikrokontroliera
iekSiené. Tas var tikt konfiguréts t3, lai ietvertu sevi visus objektus.

Taimeris tiek izmantots t.s. UP-DOWN skaitiSanas rezima (sk.3.15.att. taimera signals ir paradits ar zilo krasu

5 .

un ir nosaukts ki “taimera signals”). Soreiz atskiriba no iepriekiéjas realizacijas no taimera atkartosanas
frekvences bis atkariga ari generéjama signala frekvence. Taimera frekvence tiks mainita, vari€jot skaitli lidz,
kuram skaitls taimeris (sk. 3.15. att.,, “vértiba lidz kurai skaita taimeris”) un tas tiek mainits apgriezti

proporcionali nepiecieSama signala frekvencei (proporcionali nepiecieSama signala periodam).

300 ' 'vértiba Iidz kurai'skaita taimeris |] ¢ 2
250 1 1 1.nostradasanas limenis 1 <
4 0O
«» 200 1 0O
5 150 L2 tai ignal R
g - laimera signals | . signaltngz OC1A kajas (V) -
® 100 32 €
>
sof {18
0 : : 0 &
0 0.5 1 1.5 2
ts x10™
300 vertiba Tidz Kurai skaita taimeris | [ 15 2
250 F =7 o
! . 14 O
w 200 signals 02 OC1B kajas (V) — 10
= 150 + taimera signals 13 N
< %)
® 100 - . —— 12 ¢
} 2.nostradasSanas limenis 3
50 31 3
0 : ' 0 &
0 0.5 1 1.5 2
t,s x10™
3.15. att. NepiecieSamo H-tilta vadibas spriegumu generésana (tie nosaukti par spriegumiem uz
OC1A un OC1B mikrokontroliera kajam). Paradits taimera signals, kas tiek salidzinats ar
1,2.nostradasanas limeni. Ta rezultata rodas signals uz OC1A un OC1B kajam attiecigi. Taimera
frekvence tiek uzdota ar vértibu, lidz kurai skaita taimeris. a) spriegums uz OC1A, b) spriegums uz
OC1B.
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Mikrokontroliera taimera objektam ir ari ieblvétie komparatori, kuri Saja pastiprinataja realizacija uzvedas
sekojosi:

Ja taimera signala vértiba ir lielaka par “l.nostradasanas limeni”, tad mikrokontroliera OC1A izejas pina
parisies logiskais “1” (t.i. 5v), ja mazaka tad “0” (Ov).

Ja taimera signala vértiba ir mazaka par “2.nostradasanas limeni”, tad OC1B izejas pina paradisies logiskais
“1” (5v), ja mazaka tad “0” (O v).

Variéjot nostradasanas Iimenus simetriski var regulét izejas signala amplitGdu (ar impulsu platuma
modulaciju) var maintt izejas signala amplitidu. Abi nostradasanas limeni ir sava starpa saistiti ar sakaribu (1)

Audio Zemudens

Mikrokontrolieris
transfor skalrunis

mators

3.16. att. Uzlabotais pastiprinatajs ar H-tiltu

Nemot véra visus uzlabojumus, specifiska pastiprinataja shému izdevas butiski vienkarsot, gatavas shémas
blokshéma ir paradita 3.16. att.

Versija prieks H-tilta, kas ir integréts IBT-2 platé

Cits iespéjams risinajums ir izmantot jau gatavo bloku, kura ir integréts H-tilts, ka ar1 draiveris, kas ir realizéts
IBT-2 platé (3.17.att.)

IBT-2
Mikrokontrolieris Htiltsar IS Filtrs M Audio
transfo

v integréto
MOSFET

draiveri

3.17. att. Uzlabotais pastiprinatajs ar IBT-2 bloku
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IBT-2 blokam ir vajadzigi sekojoSie signali:
1. Meandrs, kas parada kada frekvence bds izejas, signalam (nak par OC1A izeju)
2. signals ar PWM aizpildijumu, kas parada kada amplitlida bds izejas signalam, (nak pa OC1B izeju).

Sim gadijumam var vienkar$i adoptét iepriek§ aprakstito risindjumu, sekojodi parkonfiguréjot taimeru
objektus:
e “1.nostradasanas [imenis” ir jauzstada pa vidu, t.i. uz pusi no skaita lidz kuram skaita taimeris.
e “2.nostradasanas limeni” vértibu mainit no 0 Iidz max vértibai l1dz kurai skaita taimeris, atkariba no
vajadzigas amplitiidas.

3.18. Attéla ir paradits: taimera signals, nepiecieSamie nostradasanas limeni un izejas signali.

300 T T T T T ] 5 S
250 17 <
. _. 14 G
P 200 - 3 |gv Isu .OC 1Akajas — 1 8
= 450 1.nostradA@Sanas lilgnis 13 N
ﬁ 12 E
100 - i< E
(@2}
50 41 @
S
0 ' 0 @
0 1 2 3 4 5 6
%107
300 (&rtiba fidz Klral skaita talmeris 1 ' ' ' 15 S
250 . . 1 m
<~ taifnera signdls 14 =
200 . — 14 O
{2 signals uz QC1B kajas O
= 43 N
T 150 2.nostrafi#sanas limeNis 7 i
) 42
100 £
()]
50 | 41 ©
S
0 1 1 1 1 1 O U)
0 1 2 3 4 5 6
t,s %10
3.18. att. NepiecieSamo IBT-2 bloka vadibas spriegumu generésanas paskaidrojums. (tie nosaukti par
spriegumiem uz OC1A un OC1B mikrokontroliera kajam). Paradits taimera signals, kas tiek
salidzinats ar 1,2.nostradasanas limeni. 1.nostradasanas limenis tiek uzstadits pa vidu no
maksimala. 2.nostradasanas Iimenis mainas attiecigi nepiecieSamai izejas signala amplitiidai. Ta
rezultata rodas signals uz OC1A un OC1B kajam. Taimera frekvence tiek uzdota ar vértibu, Iidz kurai
skaita taimeris. a) spriegums uz OC1A, b) spriegums uz OC1B.

Nemot véra visus uzlabojumus, specifiska pastiprinataja shému izdevas bitiski vienkarsot, gatavas shémas
blokshéma ir paradita 3.17. att
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I 3.6.3. Atbaiditaja konstrukcijas uzlabosana

Konstrukcija tika izveidota izejot no principa, ka generacijas bloks nepartraukti atrodas jura, bet zvejnieki
tikai maina akumulatorus. Bojas kopéja izskata barosanas un starotaja elektriskie kabeli nav paraditi.

o Elektro-

Elektr(_)nlskas baroSanas

aparaturas spraudni

konteiners :
GPS/GSM
antena
COMBO-
ANT601
Antenas
konteiners

Akumulatoru
bloks

Zemiidens
starotajs

3.19. att. Jaunais konstruktivais risinajums. Raséjums 1

Korpusa augséja dala ir divi rokturi aparata parnésasanai. Korpusa apaksa ir vél ¢etri tadi pasi rokturi, kurus
var izmantot piestiprinasanai gan starotajam, gan enkuriem.

Konstruktivi bojas bazes daas korpuss tika izpildits no putuplasta. Mehaniskai stipribai tika izmantotas divas
finiera plaksnes. Lai pasargatu bojas korpusa sienas izmanto stikla auduma slani ar epoksidsveki.
Hermetizacijai korpuss ir parklats ar poliuretanu. Tas ir uznests ne tikai uz ar&jas virsmas, bet ari konteineru
iekSpusé. Rezultata tika izveidotas dubultotas hermétiskas sienas.
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3.20. att. Jaunais konstruktivais risinajums. Raséjums 2
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Vaka |
stiprinasanas
uzgrieznis

3.21. att. Jaunais konstruktivais risinajums. Raséjums 3
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Galvenais akumulators sastav no cetram stnam, kas salikti kopa ar finiera karkasa palidzibu. Ta ka sdnas
vajadzés savienot virknes sléguma, bls nepiecieSams ari specialais kontrolieris (BMS — battery management

system).

Karkasa
aIZflTllligures Karkasa malas
plaksne parsegums
Akumulators
Karkasa
vidgjais
BMS parsegums
Akumulatoru

turétaja plaksne

Karkasa sanu

plaksne Akumulatoru

turétajs

3.22. att. Jaunais konstruktivais risinajums. Raséjums 4
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Par korpusu akumulatora blokam tiks panemta PVC caurule ar diametru 200mm. Hermetizacijai, tapat ka
bazes dalai, ir izmantots poliuretana parklajums. Lai nodroSinatu paaugstinatu elektrodrosibu, ir
nepiecie$ams izmantot vél divas hermétiskas starpsienas. Seit ari var izmantot poliuretanu, aizlejot uz vietas.

Finiera
vaks
Hermetiska
starpsiena Poliuretana
parklajums

Akumulatori
karkasa

PV C caurule

Finiera
siena

3.23. att. Jaunais konstruktivais risinajums. Raséjums 5
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Design of acoustic signals for a seal
deterrent device

Arturs Aboltins, Junis Grizans, Dmitryjs Pikmlins, Maris Terauds, Maris Zeltins
Institute of Radioelectronics, Riga Technical University,
Azenes 5t. 12, LT-1048 Riga, Lanvia
abolfins(@yulv

\dbsiract— During the last decade, attacks by grey seals on
fishing mets in the Baltic Sea have cansed considerable loss of
fish catch and damage to fishing gears. One of the approaches to
reduce the ommber of seal attacks on fishing mets is to nse
aconstic deterrent devices (ADDs). Unfortunately, most of the
commercially available ADD: are not well swmited to the
deployment in the sea and require comsiderable additional
investments. The objective of the present research is to develop
a compact and cost-efficient ADD for deployment in sea
environment. Thiz paper is devoted to the design of acowstic
sigmals for a prototype ADD. Signals from other experimental
and commercially available ADDs are studied and compared.
Moreover, mitations imposed by underwater environment,
transducers, battery power and fish hearing are analyzed and
taken into account doring development of siznal patterns. The
resulis of tests conducted in an artificial reservoir and in the sea
are presented.

Index Terms— Seals, Acoustic wave, Signal symthesis,
Underwater acoumstics, Acoustic applications, Acowstic
measurements, Underwater communication.

I. INTRODUCTION

Anwrgent problem facing the Baltic coastal fisheries m the
last decade 15 the rapadly growing number of grey seals in the
Baltic Sea. Amimals, in search of food, are zaimng new
termitories and damage fishing pets and gears leading to
almost complete loss of catch. On the other hand, the grey
zeal and other zeal species are mdigencus and specially
protected species in the Baltic region whose protection 1s
simultaneously required by the so-called Habatats Directive
and the Coovention on the Protection of the Marine
Enmvironment of the Baltic Sea Area (HELCOM).

One of the most effective solutions for the reduction of the
lozzes caunsed by szeals 1z to use an underwater acoustic
deterrent device (ADD), which allows to keep seals away
from fishing nets. Research [1] desciibes the impact of ADDs
the reduction of damage to fishing in the Baltic Sea due to
zeal activity. Authors of thiz paper have made several
conchizions about the efficiency and side effects of
commercially available seal scarers. Most notably, it was
concluded that usmg of ADDs leads to a noticeable reduction
in damage caused by seals. However, authors noted the need
for hardware improvements to make an ADD more secure
and easier to use.

Hanuscript received November X350, 20308 accepted April 300 20300

IMany of the exizting devices were developed 10-15 years
ago, at a time when the question of repelling seals was not yet
actively in the focus of researchers' attention. Since then, a
mumber of important studies have been carried out that assess
the effects of various signals on seals and other marine
species. However, ADD= that ave not modified for years (but
are still for sals) do pot allow the user to modify s1zmal
parameters according to new discovenss and scientific
evidence, and continue to send ineffective signals to defer
seals from fishing nets, thus affecting the life of other marine
mhabitants.

Whereas most of the commercially available devices are
well suted for fish farms, uwsmg them in the zea requires
substantial investments in mechamical components and
waterproof power supplies. Moreover, in an ideal case,
acoustic signals used for determing seals mmst be adjustable
for the battery level, sound propagation conditions,
transducer, and fish spectes.

Eeeping these limitations and requirements in ound, our
group of researchers have developed an advanced ADD for
using in the sea. This paper is devoted to the desizn of

acousiie signals used 1m a seal scarer device.

O REVIEW OF EXISTING ADDS
At first, we will provide a short introduchion mto used
termmalogy regardmg acoustic signals.
Sound pressure level (SPL) Ly level 1s a loganthmie
measure of the effective of sound pressure P relative to 2
reference value Py = LuPa:

P
Lp ZEOIDQJDP_ (1)
0

The sound exposwe level (SEL) describes the impacton a
hving creature caused by a sound with a given SPL L, and
duration T:

Lg = Lp + 10logya(T) @

Az we see, exposing the orgamsm for 10z to souwnd zives
the zame rezult as exposing it to 3 10dB stronger sound for Ls.
Research [2] provides 2 comprehensive review of
apphcations of ADDs=, their efficiency and envirommental

This research was funded by gamt “The dewelopmenr of wide
funcrionality high powsr underwater acoustic wmansducer for the decreass of
lozes to Latvian fisheries due to the actions of seals™, NE. 16-00-FO1101-
00001 from the European Maritime and Fisheriss Fund.
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impact. Authors review several commercially available
devices from Ferranti-Thompson, Ace-Aquatec, Airmar,
Terecos Ltd, Lofitech and scenanos of nsing them.

TABLE I SIGNALS USED IN THE COMMERCTALLY AVATABTE QR ENXPERIMENTAL SEAL DETERRENT DEVICES

Dievice Waveform Source FHz |cms] | T Bms] | L[s L duty
level [dB] [ms] cycle
Mate & Harway [3] Frequency-modulated pulses noknown B-20 1-32 [1] 1-31 0-1 random
Farmanti- Thomson Pulses of 5 different Fequencies, which are uoknown 2.4 20 20 20000 &00- 3%
MED Seal Scammer | ordered in 5 different combinations. 3600
Are-Aguatec Silent | Pulsas of 23 different frequencies. which 193 440 33-14 | 3321- 5000 30- 0%
Sorammer ordered i §4 different combinations. 4583 500
Airmar dB Plus sinusoid 192,198 103 14 40 2250 4500 508
Terecos DEMS-4 Single tone, chirps 17 1230, |8 B-16 200- 130 11%
2460 2000
Lofitech universal or | Simusaid 182 14%or | 330 1000 55040 060 | 10-25%
seal scarer 15
Akamatza et al [4] Sinusoid, swesp 1835 814 000 [ @ 5000 10 20
i A fAR i
\ 'u' If Wi 'u' e i 'u' Uy TABLE I IMPACT OF SEL TO HEARING MPATRMENTS
T i i SEL [dB] TT5 radins [m] P15 radins [m]
I H [ 1 100 1]
= "B ' i 03 10 7
L - 183 1 03
163 1 0

Fig 1. Dnstration of wavefonn parameters

Some of the reviewed devices are considered as acoustic
harassment devices (AHDs) as they can cause actual pamn
and can lead to temporary or permanent damage to ammal
bearmg. Table I provides an overview of the signals used
in the commercially available or experimental ADDls and
AHDs. An illustration of the parameters wsed in table 15
showm mn Figl As we zee from table, there 15 a hig
difference between signals used for deterrmng seals from
the fishing nets.

Part of the devices (Lofitech, Akamatsu) use simple
single-tone signals, whereas other devices provide a wide
range of vartous sounds. The ability to generate certain
sounds can be restmcted by several factors., such as
transducer design, ease of use, power budget.

The results of the experiments m the Baltic Sea
presented in [1] and [5] show that animals can habituate to
simple and peniodic sounds, therefore, a large degiee of
randomization of the frequency, timing and the waveform
iz pecessary. However, in the case of seasomal fishing
activities, the problem 15 less urgent, and habutuation 1s
observed only at the end of each season.

The experiment: m the sea [1] hawve outlined the
drawbacks of commercizl ADDs emploved in these
experiments. For example, authors report the necessity to
reduce the duty cyele to 4 5% (250ms pulse, 535 pause) to
prolong the duration of device operation 1n the sea without
recharzing.

III. SIGWAL DESEGN

A, Sowrce level

The loudness of underwater sounds must be carefully
considered as it dvectly influences the activity of animals
and can lead to hearing impairments. For example, in paper
[6]. it 15 concluded that the deterrent effect of sound
depends on the presence of food. If there 1s no food, seals
leave the ADD area at z source level of 135dB, whereas if
the seal sees foed, the thresheold mereases to 1454B.

Too loud sounds can lead to a temporary thresheld shaft
(TTS) or a permanent threshold shift (FTS) in hearing.
This, in fwrn, will decrease the efficiency of ADD, as deaf
animals do not feel discomfort caused by such devices.
Table 2 presents the relationship between SEL and hearing
impairments at various distances.

Fmally, too weak sounds will serve as a “dinner bell”
and, mstead of deternng seals, wall attract them to the
fishnets, as animals can guickly leam the connection
between the noise and the presence of food

B. Freguency spectrum

Hearmg studies in seals and other related species have
shown that thewr best sensitiaty to sounds hes within the
20-30kHz range. On the other hand, it 15 well known [7]
that the absorption coeffictent of sound in seawater grows
proportionally to the frequency, therefore, the use of lower
frequency signals 15 more energy-efficient.

The results of research [8] show that specific broad-
spectrum signals may affect commumication, predation
and mating habats of amumals. Therefore, the waveform of
the ADD si1znal has to be designed with hugh precision and
awareness of the impact on sea mhabitants. At the same
time, ADDs should not deter fishes from the nets as it
would render the fishery useless. In order to awverd this
problem. authors carried out a series of experiments in a
fish farm The results of the expenments show that the
tested fish species (trout and salmon) react to sounds with
frequencies up to 300 Hz and that sounds above 4kHz do
not affect their behavior.

Another factor which affects the selection of the
waveforms 15 the characteristics of the underwater
projector (speaker). Typically, transducers that cover a
wide range of frequencies, for exampls, underwater
speakers for swimming pools, have igh cost and hinuted
capabilities to provide high sound pressure levels. Devices
produced especially for deterring purposes are more cost-
efficient and louder, however, they have an unmeven
frequency response and require adaptation of the
transoutted signals to a particular speaker.
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C. Window

In research [6], it 15 shown that in order to cause the
startle reflex m grev seals, the sound pressure must nse
from zero to full intensity in less than 20ms. Moreover, 1t
15 shown that a2 sharper nsmg edge cause a stronger
deterrent effect on ammalz. However, waveforms with
sharp edges have many high-frequency harmomcs 1n the
spectum, which lead to waste of energy and may cause
undeswed side effects such as mtermedulation products at
low frequencies that deter fishes. In owr device, we use
bursts of short pulses with different frequency variation
rules. Pulse shaping is applied to separate pulses with
duration v (3ee Fig 1) within the burst. We employed the
well-known Hapn (raised cosine) window:

u(t) = 0.5 [1 — cos (%t)] (3)

Where a 15 the dwration of the pulse edge and it must be
less or equal to half of the pulse duration r within the burst
{see Figl). Parameter @ can be adjusted m order to
maintain necessary sharpness of the edges along with low
sound intensity at higher frequencies.

D Pulse riming

Asits shown in Part 11, the sound exposure level (SEL)
depends on the duration of the signal. Therefore, longer
pulses or bursts have a larger impact. However, long pulses
shorten battery life and faciliate babruation to the
deterrent signal. Another parameter which must be
considered 15 the pause between the pulses or bursts.
Larger pauses between the pulses save battery lifie
However, too long pauses will weaken the deterrent effect,
as predators can gef into the fishing nets durng the silence
peried. Moreover, a large pause mereases the probabality
of PTS or deafness due to a wery small distance between
the speaker and an unaware amimal To caleulate the
maxinmm silence interval £, we have to know the
maximnm swimming speed vy, of a seal and the maximum
distance R at whach seals notice the signal. In accordance
with [9], the seimmong speed of a grey seal 1= typically in
the range 0-1.5m's. In accordance with [10-12], the
avoidanece threshold SPL for grey seals 15 approwimately
140dB. Considenng the sound propagation model from
[13] as well as real measurements from [12], [14], the
sound absorption I seawater can be described using the
following approximate formmula-

K =20log,, R (4)

where K is the attenuation in dB an R is the distance from
the source. Assuming the SPL of the source 15 180 dB, the
distance at which we get a K =40dB lower lavel, that 1=,
140 dB 1s:

]BII—]M]:_I
R=10" =@ = 100m (3)

This result means that the effective deterrence radius of
ADD 15 equal to 100m. Neglecting speed of zound in the
water (approxumately 1480 m's), we can calculate that the
silence mterval must not exceed:

R 100 &7 6
t, —— ==
ST T s s (6)
In accordance with Table I, there 15 a large vanety of
repetifion intervals (parameter L in Fig.1) and duty cycles
(duty eycle of L) used mn various commercial ADDz. Some
of the devices are not suitable for deterring seals due to too
long silence periods.
E. Software-based generaior
For the selection of the s1ignal parameters and laboratory
testing, a MATLAB App Designer® application was
created (see Fig 2).

L

Fiz. 2. Application for the sipnal parameter adjustment and testing.

The knobs at the top of the windew allow to adjust
signal parameters, whereas the buttons on the left side
allow to select the mle of frequency change (see
explanation in Table IOT).

TABLE III RULES OF FREEQUENCY CHANGE

acronym | freguency chanpe rule

CON constant £

LUP Linearly increasing frequency from 4kHz to fre

cup Linearly increazing frequency from SkHz to £
ciroalarly shifted by mndom offset

RND random m range from $kHz to f..

LON Linearly decreasing frequency from ., to 4kHz

CDNW Linearly decreasing frequency from f.. to 4kHz,
cinoalarly shifted by random offset

By pressing “Store”™ button, it 15 possible to save the
state of the knobs (that is, signal parameters) into one of
four memory cells. The content of the memory cells can be
loaded from file or saved to the file. By pressing “Send”
button, four sets of parameters can be transmitted via serial
port to the prototype device.

The application allows playback of acoustic signals via
computer speakers. This featwre allows to use the
application for laboratory testing and for audio amphfier
and underwater transducer measurements. Moreover, this
application has been used to explore the impact of ADD
signals on fishes in a fish farm.

The waveform and spectrum plots at the middle of the
window allow to monitor and compare ther
charactenistics, such as duty cycle and spectral leakage. It
15 possible to monator signal charactenshes considenng the
frequency response of a parhcular speaker that can be
loaded from the file.
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F. Hardwars-based generator

To implement 2 waveform generator in the prototype of
an  acoushe deterrent dewvice, we wuse a popular
mucrocontroller unit (MCT) ATmega32EP in conjunction
with a funchion generator infegrated cirewt (IC) XR-2206
from EXAR Corporation. Using pulse-width modulation
(PWM) outpuis, the program of the muerocontroller
performs real-time control of amplitude and frequency of
acoustic signals generated by the funchion generater IC.
Loading of signal parameters into the MCU is performed
by means of senal communication between the computer
running the MATLAB application (see Section IV-A) and
the MCU program.

One of the important featares of the developed software
is the ability to zo mto “sleep” mode betwreen the bursts of
acoustic sigmals. It enables extremely power-efficient
operation of the acoustic signal generator.

Fig SHmnnEmdnmg fimction in MCL.

Fig 3 depicts the flowchart of the part of the MCU
program that controls generation of the envelope of an
acoustic signal along with sleep funchon Besides the
mentioned tasks, the microcontroller program controls the
frequency of the acoustic signal and 1s responsible for
communication with other parts of the prototype, such as
the remote control and telemetry.

To maintain the maximum power efficiency of the
ADD, the hardware-based generator 15 equipped with a
funection which allows to adjust parameters of the acoustic
signals depending on the battery level. 5o it 15 possible to
prolong mtervals between recharging of the battery, when
the dewice 15 lifted out of the water and fishing gears

remain unprotected. A simplified algorthm which 15 used
m the function is shown in Fig.4.

Fiz. 4. Alzonithm for adjusting siznal parameters according to the battery
level

IV. TESTING

The developed prototype of ADD has underzone several
testing cyeles including laboratory testng, teshng in the
river, and sea tests. In this paper, we will pay attention to the
testing of signal generation and underwater propagation.

A. Testing in the reservoir

In order to estimate speaker characteristics and examune
signal propagation in water, we performed a senes of tests
in a boat bay at the bank of the Daugava nver. The
experimental setup is depicted m Fig 3. For the signal
acquisition a high-accuracy hydrophone Feson TC4032-1

was used.

o
=

S

Fiz. 5. Senp for testing of acoustic signal ransmiszion in the reservoir.

| e

The pmrpose of the tests was to estumate:

1. Dependence of SPL on the distance from the speaker.

2. Impact of water flow on the propagation of the sound.

3. Impact of underwater medmm on the waveform and
spectral characteristies of the signal.

We observed large vaniations of signal level dunng the
measurement  sessions.  Vanable-frequency  pulses
transmufted with 2 0.5: interval showed considerable
amplitude vanations (zee Figz 6) due to water streams and
frequency-dependent absorphion of the acoustic waves 1
the water.

p}};}p;}|+i|}i+i}++¢é

Fiz. §. Example waveform captured by the oscilloscope during ressrvoir
testing
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Dependence of SPL from frequency

ELE o

FT
FrT
uma0 =
s .
a0
P
5113 ] 15023 mim

irwgaercy [istr]

UT e 185 —4— 12m

Fig 7. Dependence of the average szound pressure level fom the
frequency at variows distances between the speaker and the hydrophone.

Dependence of SPL from distance
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Fig 8. Dependence of the average sound pressure level from the distance
between the speaker and the hydrophone.

Fiz.7 and Fig 8 show frequency-dependent attenuation at
different distance between the speaker and the hydrophone.
It can be seen that attenuation at higher frequencies 1s
stronger as expected in theory [7]. Moreover, the SPL is
inversely proportional to the distance between the speaker
and the hydrophone The obtained measurement results fit
well with the theory presented in previous sections.

| = = ==
Fig ©. Protorype of ADD duning testing in the sea.

As we see from Fig.8, at a distance of 133m, the SPL
decreases by approxmately 30dB, whereas, accordmg to
equation (4), the signal attenuation skould be about 42 dB.
The difference could be caused by shallow water and
umderwater reflachon of acoustic waves from the concrete
decking of the pier.

A. Testing in the sea

The prototype of ADD was tested in sea conditions (see
photo in Fig.9). Table IV presents the parameters of four
different signals emploved dunng the sea tests. The results
of the tests show that the prototype of ADD emitting the
mentioned signals is capable to deter seals from fishing nets.
Compared to the time periods when no deterrent device was
used, the catch was several times higher and fishing nets
were not damaged. During the four-day contmuous test
period, habrtuztion of seals to the deterrent sigmals was not
obzerved. Habituation over longer pertods will be explored
1n future researches.

TABLE IV, SIGNALS USED FOR, TESTING IN SEA

T [ T t[ms] [ afms] | B, L.
mode | [kHz] | [ms] [ms] [5]
RND 15 16 18 [ G40 [
CUP |15 16 14 3 840 60
CON |13 10 10 1 540 &0
CON |10 100 50 15 400 10

V. CONCLUSIONS

This paper presents the design and testing of signals for
an acoustic deterrent device (ADDY) which is aimed to deter
seals from fishing nets in the sea and. thersfore, reduce
predation on salmon and other valuable fish species.
Potential users of these devices are medium and large
fishing companies who cast their fishing nets in coastal
regions of the Balte Sea.

The design methedolozy 15 based on the research of
scientific literature about deterrent devices and on the
study of existing commercial ADDs. Mereover, authors
have performed a senes of tests to enswre no deferrent
effect on fishes. Particular attention is paid to simplicity
and efficiency of operation alonz with minimal
maintenance.

Reservowr testing confirmed theoretical considerations
about sound propagation models, frequency-dependent
sound absorption in water and its impact on sigmal
parameters at different distances from the underwater
speaker. Moreover, testing in the reservoir allowed to test
such system components as audio amplifier and power
supply circuitry.

Testing in the sea confimed the effectiveness of
deterrent signals and swtability of the developed hardware
prototype for commercial deployments. However, sea tests
revealed that fishing pets became damaged within lass than
one day after the ADD was removed Therefore, one of the
largest challenges that has to be resolved now 1s to find a
way to ensure continuous operation of the deterrent device
along with the pecessity to recharge or change the
batteries.
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Using solar power in an acoustic deterrent
device for seals
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Faculty af Electronics and Telecommunications, Riga Technical University
Azenes 12, LT-1028, Riga, Latvia
e-mail: maris.teraudsiariu.bv

Absmact—The paper it devoted to evaloation of possibilities
of autonomons powering of an acouwstic deterrent device in the
seq msing solar battery. The energy harvested from solar power
panels is calculated for Latvian climatic conditions. Direct and
diffuse :unlight imtensities are amalyzed. We calculate the
intensity of ight for different panel placement models and show
which placement is better suited for Latvian condifions. We also
calculate the optimal area of solar panel switable for powering
aconstic deterrent device.

Keywords—solar panels, sea mammal searer, selar energy.

I. INTRODUCTION

In Latvia, the traditional coastal fishing plays an important
role for the local communities. The Baltic Sea 15 rnich i fish.
But the wereasing population of grey seals causes losses for
fizhermen and sometimes makes this business less appealng.
Instead of catching fisk in the Baltic Sea, zeals make 1t
simpler by attackmmg fyke nets full of fish. They bite a lot of
caught fish and make them useless for finther sale. The nets
are being damaged as well One of the possibilities how to
fizght off z2als 15 to use an acoustic detervent device (ADDN. A
lot of studies show the effectiveness of using ADD to scare
off saals (see e g [1], [2])-

In order to reach the mitzation effect, an ADD must be
always om. It takes a lot of power — approximately 100 W
during short (10 ms to 100 ms) ime intervals and 15 then 1dle
for 10 s to 1 mun [3]. A scarer 15 installed near a fyke net
approximately 500 m from the coast It is possible to use
powerful lithium accumulators for 3 to 6 days of autonomous
operation. In this paper we analyze the swtability of solar
batteries as main or auxiliary ensrgy source for a ADD to
operate autonomously and unattended in weather and
terrestnial longitude condifions of Latvia. The pertod of
interest for using a ADD 15 from March through October.

II. SPECIFICATION OF LATVIAN WEATHER CONDITIONS

The position of the Sun in the sky 15 deseribed with its
azimuth §i; and elevation §; angles. The azimuth angle 15 the
angle between the projection of Sun’s rays en the Earth and
the direction to the North. It increases clockwise. The
elevation angle 15 the angle between the dwection to the Sun
and the honzonal surface. These angles are dependent on the
geographical location, date and time. From [4], [5], [6] we
can get the selar trajectory and these angles for any
zeographical location. All caleulations used in this research
are done regarding a small fishing town Carmkava, located at
57° 08" North lattude and 24° 17" East longitude. For

effectrve placement of a selar panel we need to know the
ranges of azimuth and elevation angles. Table I summanzes
these values for the 15® date of each month of interest. The
Sun reaches the maximum elevation when the azimuth 15
equal to §,=180%

For example, we can see that, in June, the azimmth ¢
changes from 41.9% to 316.7°, but in October §; changes from
105.3% to 253.0°, wiale the maximum Sun elevation in June
15 5627 but in October 24 3°_

TABLE [ AZIMUTH AND MAYNIMUM ELEVATION OF THE SUN

IN CARNTEAVA
Aonth Arimuth of the Sun Mazimom
&, at sumrise and elevation of the
sunset, degrees Smm 8, ($=1807),
degrees

March 05-266.5 30.8
Apdl T1.6-287 2.7
May 53.1-5073 518
Juns 41.8-316.7 56.1
July 4783116 544
Angust 64.2-296.8 26.0
Saptembear £§45-2761 350
Oictober 10532530 243

Because of such a broad azimuth range, we can mtwmfively
suggest that a fixed solar panel would be ineffective. Using
of a tilted and rotating panel following the Sun may be much
more effective. However, in the sea, such a complex
mechanism would be unrehiable and difficult to control
Therefore, 1t 15 suggested to place a solar papel mn 2 fixed
position, without complicated tilted and rotating mechanizms
as shownin Fig. 1 (3). An intuitively better confizuration with
multiple solar panels 15 shown m Fig. 1 (b) and (c). Then
probably at least one of the panels 15 optimally posthoned
towards the Sun. In this paper we will calculate and compare
the efficiency of mentioned solar panel placements.

e descnbe the panel onentation wsing the azimuth and
elevation angles §p and @p. To define these angles, we use the
normal to the solar panel The azimuth §, is the angle
between the projection of the solar panel normal on the

,n". o _.: Ty ) | \

{ r f y ] |' 1

i 1

e "--ilf {__ -._-'f\l-"-\’ {_ l.I.lll.-ll\j
a. b. [3

Fig. 1. Ways to place a solar panel in a fixed position: 2. one solar pansl. b.

foar solar panels, ¢ six solar panels. (The cylinder in the center is a place for

a hypothetical wind zensrator).
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Earth’s surface and the North. The angle grows clockwise.
The elevation @ is the angle between the sclar panel normal
and the horizon. Since the elevation amgle of the panel 15
counter-inhutive, we use also the panel slope angle & that 15
the angle between the panel and the honzen. The relationship
between the panel slope and the panel elevation is expressad
with formula (1):

5,;=90° - 8. )

where §,— panel slope angle, &, — panel elevation angle.

For example, a honzontally placed panel has &=0" and
6,=90".

From [4] and also from Table I we can suggest that a fixed
panel should be oriented directly to the South (§,=1807).

III. SUN-EMITTED IREADIANCE

Sun’s emutted energy reaches the Earth as radiation. The
total amount of selar power per unit area that reaches the
ground 15 called global oradiance. That part of global
uradiance that reaches the Earth directly through the
atmosphere is called direct imadiance Iljies. The other part of
irradiance that is diffused through clouds and the atmosphere
and then reaches the Earth 15 called diffuse imradiance TTipmse.
These two parts of solar imadiance will be separated in our
caleulations.

Weather monitonng companies provide stafistical data
about selar uradiance [7], [B], [9]. The uradiance can be
measured directly or indirectly. Source [10] and also loeal
investigations [11] show that both directly and indirectly
obtained results are very close.

Direct measurements are done using station equipment
placed on the Earth’s surface and having the following
sensors [10]: Pyranometer — measures the global nradiance;
Shadow Pyranometer — measures the diffnse imadiance. It 15
the same sensor that is used i solar tracking systems to
shadow the Sun’s rays; Pyrheliometer — measures the direct
iradiance. It is also uwsed in solar tracking systems. This
sensor uses an optical system that can recerve only the dwect
wradiance. The drawback of these measurements 15 that such
an equipment 15 provided enly in certain places.

Indirect measurements can be made from satellites and the
data for any location are publicly available. In [B] we can get
maximum, mummum and average data for the following
parameters for each month averaged over many years:

1) global solar irradiznce 3t the ground 82502 the total
amount of selar imadiance that reaches the horzontal surface
averaged over day/might penod;

2) direct solar imadiance at the mround TSt the
amount of direct nradiance that reaches the horizontal surface
averaged over day'mght penod;

3) direct normal solar irradiance T2 — the amount of
direct uradiance that reaches the surface that 1s perpendicular
to the Sun’s rays, averaged over day/night period.

In the following caleulations we will use the direct normal
solar wradiance ﬁﬁ:‘:fm: further referred to as direct
irradiance and denoted as T without emphasis on
“pormal”. And we will use the diffuse part of hmadiance
collected on the horizontal surface Tod s, further referred
to as diffuse irradiance.

Diffuse nradiance data for a honzontal surface averaged
over day/night period is not provided, but we can caleulate it
as follows:

=dif fuse _ —global =direct
Mhgrizon = Mhorizon — Mforizon- 2

As global value of imadiance we will understand the sum
of diffuse and direct energy under given conditions.
Fig. 2 summanzes the direct iradiance ﬁ:iml and the

diffuse iradiznce 1295 for each month in a yearin Latvia.
Values averaged during 10 year period for each month 15th
date are used.

Tao caleulate the energy that will be recerved by an arbitrary
oriented solar panel, we need howrly values of solar imadiance
energy mstead of day-mght average values.

For a rough calculation, we simply assume that the
uradiance is the same during the day and zero at mght (a
rectangular distribution). For example, if the averaged day-
night solar imadiance is 30 W/m® and the day is & howrs long,
we can caleulate that the iradiance 15 30 Wim®x 24 W8 h =
90 W/m® during the day and 0 W/m? at night.

To make this calculation more precise, we have to take into
account that the flux per day 15 not the same — if reaches 1its
maximum midday and the minimum in the evening and
morming. We analyzed howrly global irradiance data [9] and
concluded that the distribution of nradiance is proportional to
the sine of the Sun's elevation angle:

Tl gjohailt) = Olassees-sin(Es (1)) . 3
where @, — Sun elevation angle, O.n — proportionality
coefficient, different for each month, we can ealeulate it using
()

_ Mmonen [W/m2] - 24[R] )
T [P (8, (2)) de [h]

We don't have howrly data of diffuse and direct inradiance,
but we assume that they have the same dishibufion as global

L3

uradiznce. Therefore, in (4), instead of T ;. we use the
diffuse or the direct energy, respectively (5), (6):
Tlittuelf) = o™= 5im (8,7 (£)), (&)
it} = Clmnont™=* 5im(8, =0 {£]). (8)
250 Day-night average valuas of solar imadiance
- I s
[ ] direct
200 .
a
E
£ 160
8
& 100
E
50
a

2 3 4 5 6 T & 8 10

manth

Fig. I Day-night average vahes of solar imadiance for each month, averaged
for 10 years period.
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Table IT grves some proportionality coefficients calculated
using (4) and the comesponding Tlgimee(t) and Tlamdlt),
calculated by (3) and (6}, are shown in the Fiz. 3.

TABLE II. FROPORTIONALITY COEFFICIENT aucerrn (4) FOR
DIRECT AND DIFFUSE IRRADIANCE.

Month Diirect Diffuse
Jine 618107 175108
Octobar 6.36-10° 184107

IV. IMPACT OF SOLAR. PANEL ORIENTATION ON THE
EECEIVED IREADIANCE

In this section we concentrate only on effect of the
geometrical onentation of the solar panel. We assume that our
solar panel 15 1deal and zll energy that reaches the panel 15
converted into electneity. The efficiency of conversion will
be discussed 1n next sechons.

The onentation of the solar panel 1= crucial to get the
maximum power from the Sun. However, in the sea, there
must be a frade-off between the complexity of
implementation and the recerved energy increase.

A Dirsct irradiance

The direct sunlight nradiance reaches 1ts maximum when
the panel 15 placed perpendicularly to the sunlight and zero
when the panel iz placed parallel to the flux. We can caleulats
it using multiplication by cos(p), where B 15 the angle
between the Sun’s direct rays and the normal to the solar
panel We mmst also take mmio account reflechion from the
panel, therefore, the reflection coefficient T is added. The
values for the reflection curve are taken from [12] for the casa
when the solar panel 15 covered with textured low-iron glass.
Values are shown graphically m the Fig. 4.

For calculaton pwposes we describe this  curve
analytically using a 3™ order polynomial appro:xumation:

I'=C|-ﬂs + Ci-ﬂl + s T+ Cd-ﬂu . (7

where C—Cy — polynommal coefficients as gmiven in
Table I1I.

TAELE I POLYNOMIAL COEFFICIENTS FOE. THE REFLECTION
CURNVE

[ C [ C, C, |
[ 1Es® | Sqiee [ 85 | sJkE |
Hourly values of solar Irradiance
direst, in Jung
00 —— diffusa, in June
—— direct, in Octobar
500 “ —— diffuss, in Octaber

15

10
time (h)
Fig 3. Calculated hourly vahues of solar imadiance.

Then the part of the direct iradiance that can be converted
to electrical energy using an 1deal solar panel 13 ziven by (8).

N rece = Magrece (1 — Tg)-cosp, (8)

where B — angle between the normal to the solar panel and the
incident Sun’s rays.

We can calculate B using simple geomeirical calculations
(the Great-cirele distance formula):

P=cos(By) cos(B) cos(p) cos{hH=m(H)
-sin(B,) + cos(By) cos(By) sin(@y) sin(dy),

where ), — elevation of the panel, 8;— elevation of the Sun,
fy — azimuth of the panel, §; — azimuth of the Sun.

B. Diffuse irradiance

The diffuse sunbght nradiance 13 proportional to the
visibality of the sky. To get the maximum of diffuse sunlight,
we onent the solar panel honzontally. If we place the panel
iz a vertical pesition, that visibility of the sky is one half and
alzo we get sunhght reflected from the sea. The reflected
sunlight 1s much less intense, and we assume that 1t is 10 %,
In other words, in a vertical posihon, the panel converts only
60 % of imadiance. We describe 1t using the following
formmla:

&)

Hﬂwm = Myippruce -(1 — 0.4 sin 8p), (1

where &y — panel slope.

For simphfication puwrposes we assume that the diffuse
uradiance is not dependent on the azimuth angle.

C. Optimum elevation angle for a fived panel

Solar iradiance received by the panel changes dunng the
day, and, to compare different placement scenanos, we
calculate the energy that 15 accumulated into an 1deal solar
panel m a day (11):
d,

—e[HgP
Eg,e, =5 ), T e 000 b0 (11}

where 5 — area of the solar panal, n;;[r).u‘(r}@p.ep
mradiated enerzy (global, dwect, or diffuse as appropnate)
that 15 received by an 1deal solar panel, t — tume.

For the fixed panel scenano, we define the optimum panel

—5un's

Solar panel reflection coefflcient

na
approximated

— 0&F
E
E 0sf
a
% o4t
L=
[

[

0
o 20 40 1] a0
angle 4 (")

Fig. 4. Reflection coefficient for the solar panel in dependence of the angle
‘betwesn solar panel narmal and incident solar rays.
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slope angle a:pr for which the energy received during the day
is maximum if the pansl is oriented to the South §,~=180°.

E = E =
gp"-‘Pfl*PﬂBu" A% B gy, =1807

3 a2

The results are presented graphically as energy dependence
on the panel slope. For the graphical representation we
infreduce the normalized enargy:

Eﬂf-"m;y&p = E‘;‘yﬁpﬂrz.;,,:mu%p’ (13)
where x — diffuse, direct, or global energy for the chosen
month

The normahzed direct and global energies collected by
ideal solar panel in dependence of the slope are shown in Fig.
5

If we analyze the dwect energy only, the optimum panel
slope angle must be 657 = 25° in June and 557 = 607 in
October. The resulis comelate with the maximum Sun
elevation in the respective months 8w If we express the
results in terms of panel elevation (1), 3;“ = 65"n Fune and
B:pz = 30" in October and the elevation of the Sun is B pw =
55" in hme and 8 wue = 25% m October.

If we take into account also the diffuse energy, the results
are different. In June, the optimum panel slope isﬁ;:’r =10°,
which means that the panel should be almost honzontal, but
in October 577" = 65°.

We can see that optimmm angles are different for different
months. But we see also that, for the panel slope §;=45°, the
global energy 15 92% of the maxamum in June and 95% of the
maximum in October. For the panel slope 5;=3%, only 65% of
the maximum can be collected mm October.

D Multiple panels

Fig. 1 {(b) and {c) show a fouwr- and six-panel placement
seenano, respectively. In the four-panel construction, panels
are placed at the azimmth angles ¢,= 0, 50°, 180°, 270°_ Tt 1s
also possible to position panels at §i,= 45, 1357, 225°, 315",
Table IV gives the normalized collected energy, as defined by
(13), for each papel Since the diffuse energy In our
calenlations 15 not dependent on the azmmth, it is not shown

Normalized energy collected by ideal solar panel

1 p T e ———

- . = gl
é"} - - -]
2 0.8 e ]
] -
— -
S 0.8 s /"

- s
= -
eorr .
: ’
a 0.6 ," direct anargy, in June 8
= )" direct anargy, in Octaber -
E 0.5 4 global enargy, =1 June \.
g global enargy, = Oclobser
0.4

o 10 20 30 40 50 &0 T0O B0 80
solar panel slope 4 (%)
Fiz. 5. Wormalized emergy collected by an ideal solar pansl dorng the day
in dependence of the panel slops

The results for the six-panel construction are shown m
Table V.

TABLE IV. COMPARTSON OF DIEECT AND GLOBAL ENERGIES
RECEIVED BY EACH SOLAR PANEL TN FOUR-PANEL
PLACEMENT SCENARID (FIG.1 (B)).

Enem §,=180° §,=00° 21T0° ="
8, =45, Tume 11 077085 0230351
Eans /ELS
6, =45%, October 11 03053 0032
gl ey

TABLE V. COMPARISON OF DIRECT AND GLOBAL ENERGIES
RECEIVED BY EACH SOLAR PANEL IN SIX-PANEL PLACEMENT

SCEMARIO (FIG1 (C)).
Eue = 71207, | =0T, [ 4=l
=180 240° J00F
B, =45, una 11 nel 058/ 023/
[Feiract | piakal 004 0.73 031
8,=45", October 111 06MT4 | DDBRO3E (kY]
Efme  BL

We can conclude that solar panels positioned at §;=0% in
the four-panel placement scenano and at 0°, 60°, 30° i the
six-panel placement scenario are inefficient and therefore
may not be installed without significant losses.

E. Comparing different solar panel placement scenarios

In this subsection we deal with different solar panel
placement scenarios. Assume we have an 1deal solar panel
and therefore use the energy equation (11). The results are
summanzed 1 Table VI We analvze separately the direct
and the diffuse energy as well as the total global energy. For
the fixed panel configuration, we use a 45° slope as a trade-
off for all months. And we use the horizontal placement (with
a 57 slope so that the water drops can rmun off the panel) to
decrease windage effects. We melude also the Sun tracking
panel scenano for comparisen purposes. In configmrations
using multiple panels, we decrease the area of sach panel so
that it iz 1m? in total. Since a papel orented to the North is
very mmefficient, we do not place it and make the calculzfion
again — then the area of each panel is 1/3m? larger.

TABLE VI EMERGY COLLECTED BY AN IDEAL SOLAR PANEL.

Panel placement scemario Solar emergy collected in a day
(24h) by a 1m? ideal solar panel.
EWh
direct diffmse glabal
Sun tracking panel 4910 1693 6503
=4 =5, Jums
4 solar panels* (Fiz.1 (b)) 1m 1716 3818
5,=45", June
4 solar paneks*,** (Fig.1 (b)) 1563 1716 4280
B~45" . Fune
6 solar paneks*® (Fig 1 () 117 1716 3B33
5,=45", Juna
#,=180", 5.=5". Tune 301 1309 3311
#=180°, 5=45°, Tuna E] 1716 4726
8=, 8,78, Octobar 1580 207 2077
4 solar panels* (Fiz.1 (b)) 511 572 1083
5,=45"  October
$=180°, 5,=5°, October 435 70 1205
§,=180°, 5,45, October 1185 572 1767

*{intal area of all panels is 1m?).
+9without the panel to the Narth).

F. Freely rotating pansl

In sea condihons it 15 difficult to onent and fix a raft in an
appropriate posifion, thus, in this calculation, we assume that
the raft with a solar battery is not oriented at all. We calculate
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the collected energy for the case when the solar panel model
iz fixed at a wrong angle. Fig. 6 presents the energy in terms
of normalized energy (13) collected durmg the day in
dependence of the azimuth angle.

From this figure we see that, for §,= 5%, changes of the
azimuth cause 3% to 10%: less solar energy received, but for
0;=43" it can be 30% to 70% less energy. Besides, we ses
that, in the case of the four-panel model, the dependence on
the azimuth angle is around 1%.

V. IMPACT OF THE SOLAE PANEL ON THE RECEIVED
IRFADIANCE
A Spectral sensitivity

In the caleulation for an ideal pansl we assumed that all
vradiance from the Sun will be collected by the panel. A real
panel may have a himated spectral band Therefore, in this
subsection, we will analyze the spectral band of a solar panel
and compare it with oradiance spectral infensity on the
Earth’s surface measured by a satelhte.

A solar panel can collect the energy from a hmuted
Az=400nmm to 1100mm spectral band Accordmg [13],
measurements of indirect and also direct uradiance are made
in the 200 nm to 4000nm band. We use also the information
about the spectral intensity J(L) of sunlight at the Earth’s
surface [14], see Fig.7. We can zee that the inten=ify 1s
significant only in the 200 nm to 2500nm band and neglimble
outside it. Then we can calculate the spectral correction
coefficient T e

‘I-Lmonmj‘gmbm(h}ﬂ {14)

Tspectral = ZIOR glabal )

—068.
where J#® _ spectral power of the solar enerzy om the
Earth’s surface.

B. Energy collected by a real solar pansl
Nowadays, commercially available solar panels have the
efficiency range of 10 % to 15 %. We denote 1t by Mus=0.15.

Normalized energy collected by ideal solar panel

P
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Fig 6. Narmalized energy collacted by an ideal solar pansl during the day in
dependence of the pane] azinmsth.
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Fig 7. Spectral intensity of sunlight at the Earth"s surface.

The energy 15 converted and stored in the accummlator. We
assume that the energy conversion scheme has the efficiency
of 70 %. We denote it by Mpowe = 0.7.

Then, taking into account these two coefficients, we can
caleulate the energy collected by a real panel:

Eueat = Esoreseat M spectmat Maiar (13
Mow we can recalculate collected energy. The results are
shown mn Table VIL

TABLE VIL ENERGY COLIECTED EY A REAL SOLAR PANEL.

Panel placement scenario Salar energy collected im a day (24
) by a 1 m® real solar panel.
E (W-h)

=8 5;=8,. Juns 683
#=180", 5,=5"°, fune 358
§=180", 5,=45°, ume 496
&=, 8,8, October 118
&~=180°, 5=5°, October 127
$=180°, 5;~45", Octoher 183

V1. ENERGY TO SUPPLY A SEAL SCARER

The amount of energy that iz needed for seal scaring
depends on the duty factor of impulses. It can vary but in
average we assume that a seal scarer needs 10 W power.

To scare off seals sound power of 100 W is used. We
assume the dufy coefficient 15 0.1 and the efficiency of the
amplifier 80 %, s0 we get 12 W of instant power. The total
amount of energy that could be spent 1s:

Euwe=12W.24 h=288 W-h.

Now we caleulate the necessary area of a solar panel
needed for autonomous feeding of a seal scarer m one day
(17

(16}

where Eguer — energy that 15 needed to feed a scarer 24 hours
a day, E ., — energy produced by a 1 m? solar panel.
The results are shown in Table VIII.

TABLE VII. AREA OF SOLAR PANMEL NEEDED TO SUPPLY A
SEAL SCARER. 24 HOURS A DAY WITHOUT ADDITIONAL

POWER SOURCES.
Month Area, m’
June 051
October 3.26
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VII. CONCLUSION AND DISCUSSION

Thiz paper presents methodology how to caleulate
avallable emergy amount for given place, using satellite
provided data. Also different solar panel placements are
analyzed.

In thas paper we provide the caleulation of the area of solar
panel that 15 needed to supply a seal scarer. The results show
that it is possible using a 2 m® panel in October and a 4 times
smaller panel in June.

Because of sea conditions, it 13 nmot appropriate o use a
Sun-tracking panel. In companson, the confizuration with a
fixed panel having 2 5;=45" slope 15 15 % less effective in
Oetober and 30 % m June than in the case of 2 Sun-trackmg
panal.

In all fixed placement configwations, we should pesihon
the panel to the South.

The best placement 1z almost honzeontally n June and with
a 45° slope m October. Because the Sun 15 more powerful in
June, we can use a 457 slope also in June.

The honzontal placement 15 better if we cannot crient the
solar panel stncthy to the South.

The confipuration with four or six panels 15 energetically
worse than the confizuration with a smgle panel but could be
better m case we cannot fix the azimuthal onentation of the
raft. If we fix the onentation of the raft, some panels that are
oriented oppostte to the South may not be installed without
sigmficant losses of collected energy.
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| 4. U4.2. Populari-zinatniska raksta izveide

Projekta ietvaros tika sagatavots materials publicésanai “Zivju lapa”.

Tehniski lidzekli zvejnieku lomu aizsardzibai pret ronu raditajiem zaudéjumiem

Netérésim lasitaju laiku, aprakstot postu, ko nodara roni Latvijas piekrastes zvejniekiem. Un ir skaidrs, ka
humanakais risinajums ir iericu izvietoSana pie tikliem, kas atbaida ronus. Citur pasaulé lidzigas problémas
sagada ari citi dzivnieki (piem. delfini). Un risindjumus gan zivju loma aizsardzibai, gan minéto dzivnieku
pasargasanai no ieklUsanas tikla slazda piedava vismaz 10 firmas.

1. Industrijas piedavajums

TieSi ronu atbaidiSanai razotas iekartas var iedalit 2 klasés:

Stacionaras iekartas zivju fermu aizsardzibai.

Vadibas un barosanas bloku instalé uz krasta vai noenkurotas
konstrukcijas, bet vienu vai vairakus skalrunus pietiekami
garos kabelos iegremdé tden.

Barosanu var sanemt no krasta pa kabeli vai arT no regulari
nomainama akumulatora.

Pieméram - Lofitec iekarta Seal Scarer (attéla), Ace Aquatec
iekarta Universal Scrammer 3, utt.

Latvijas piekrasté stacionaru zivju aploku nav.

Daugavgrivas zvejnieki ir izméginajusi Lofitec iekartu, kas
uzstadita uz plosta kopa ar saules baterijas paneli,
akumulatoru un ta uzlades ierici.

Par pasu iekartu stdzibu neesot. Tacu plosts esot parak
nestabils - esot daZas reizes apgazies. Bez tam saules panelis
nespéj nodrosinat ierices barosanu, tapéc regulari jamaina
akumulatoru (kas jara prasa izcilu veiklibu) vai ari javelk
plostu krasta akumulatora uzladei.
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Kompaktas, piestiprinamas tiesi tiklam.

Pieméram - Fishtek Marine iekarta Banana Pinger, Future
Oceans iekarta Netguard (attélos), utt.

Pieminétas domatas galvenokart delfinu atbaidisanai vai
apmulsinasanai (traucéjot tiem orientésanos, kas balstas art
uz eholokaciju). Roniem 3o iekartu radita skana radis tikai
Tslaicigu apmulsumu.
Sis iekartas ir nelielas (lidz 20cm gari cilindri ar 5cm
diametru), ar mainamu bateriju un nelielu darbibas attalumu.
Tas piesien tikla mala ik péc 50-100m, un darba laiks aptuveni
atbilst vienai zvejas reizei. Pirms nakosas tikla iemeSanas
baterijas ir janomaina.

Piekrastes zveja tiklus izcel krietni retak, tapéc Sis risinajums
nederétu ari tad, ja iekartas radita skana atbaiditu ronus. T

&y K

Projekta ,PaplasSinatas funkcionalitates lieljaudas zemddens akustiska raiditaja izstrade ronu nodarito
postijumu samazinasanai Latvijas piekrastes zveja” (Nr.16-00-F01101-000001) RTU ETF pétnieki radija
prototipu iekartai, kam piemtt labakais no abiem risinajumiem - gan pietiekama izstarotas skanas jauda un
darbibas ilgums, gan pietiekami mazi izméri un svars.

2. Darbibas princips
levada pieminétas iekartas vieno spécigas skanas izstaroSana ar tdeni iegremdétu 1pasu skalruni. Atskiras
tikai nianses — skanas signala veids, izstaroSanas bieZzums, regulars vai gadijuma raksturs.

Pasaulé veikti pétijumi liecina, ka zivis nedzird skanu ar frekvenci virs 4...6 kHz. Par to parliecinajamies ari
pasi Tomes zivjaudzétava. Ronu dzirde aptuveni atbilst cilvéka dzirdei, uztverot skanu lidz pat 20kHz. Tatad
ierices izstarotas skanas frekvencei jabut robezas 7...20 kHz. Tacu projekta laika nonacam pie vél vairakiem
secinajumiem:

- Pie ilgstosi atkartotas vienveidigas skanas roni var pierast. Tatad skanas frekvencei un intensitatei,
ka ari izstaroSanas ilgumam un pauzém jablt mainigai. Nepartrauktu skanu var atlauties tikai
iekartas ar stacionaru barosanu. Jira noenkurotai iekartai ar akumulatora barosSanu ir jataupa
energiju, tapéc jaizstaro impulsu veida.

— Lai cik sareZgitas formas skanas signals tiek veidots, tas nedrikst saturét vienlaikus vairaku frekvencu
skanas. Pastiprinataja, skalruna un art vides nelinearitasu dé| veidojas kombinaciju frekvences, kas
var but gan augstakas, gan zemakas. Elektronika paradibu sauc par intermodulaciju. Pieméram —ja
skana satur lidzigas amplitidas 10kHz un 12kHz tonus, iespé&jama arT minéto nelinearitasu dél
radusies 12-10=2kHz frekvences skana, kas jau bis zivim sadzirdama un atbaidfis tas. Siiemesla dé|
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neder ari t.s. trokSnveida signali. Atliek izstarot skanu ar vienu frekvenci un to mainit péc gadijuma
rakstura un pietiekami Iéni. Zivju aplokiem domatas iericés So apsvérumu var ignorét, jo zivis no
aploka nekur neaizbégs (bet ka tas ietekmés skanas raditais stress?).

- Zemudens skalruni kvalitates zina talu atpaliek no mums ierastajam skanu iekartam. It Tpasi —
frekvencu liknes nevienméribas dé|. Tapéc ieprieks jaizpéta skalrunus un jadarbojas frekvencu joslas,
kuras tie izstaro pietiekami efektivi. Tas ietaupis gan iekartas patéréto energiju, gan efektivak
atbaidis ronus.

— Ir veikti pétijumi par roniem skanas uztveri, un ir noteikti aptuveni skanas spiediena limeni, kas
neatbaida, atbaida un vél neizraisa neatgriezeniskas sekas, ka ar1 limenis, kas roni padara kurlu.
Protams, padarit roni kurlu nebis nedz humani, nedz lietderigi, jo uz to vairs neiedarbosies iekartas
skana. Bet par So lietu var neuztraukties, ja iekarta skanas impulsus izstaro pietiekami biezi. Lidzigi
ka gaisa ar1 ideni skanas spiediens samazinas, attalinoties no skajruna. Ronis, peldot iekartas
virziena, sakuma sadzird kaut ko klusu, tad jau skalaku, bet vél ne atbaidosu. Saglabajot virzienu,
driz sekos jau atbaidosa skaluma un péc tam art apdullinosi skali skanas impulsi. Pauzém starp
skanas impulsiem jabuat tik Tsam, lai ronis, tuvojoties ar maksimalo atrumu, divus sekojoSus skanas
impulsus uztver pielaujama skaJuma. Citiem vardiem — paspéj nobities, pirms klGst kurls.

- Nozime ir ari tam — ka ieslédz un izslédz skanu. Vai uzreiz sasniedzot maksimalo skalumu vai ar1
pakapeniski. Vairums vidéja vecuma cilvéku vairs nedzird 16kHz un augstakas frekvences skanas.
Toties, ja Sadu skanu ieslédz un izslédz |oti atri (uzreiz sasniedzot pilnu skalumu), ir skaidri
sadzirdami knakski ieslégSanas un izslégsanas bridi. Lai to pasu nesaklausitu zivis, katra izstarota
skanas impulsa skalumam japieaug un jasamazinas pietiekami léni.

3. Barosana

Relativi vienkarsi realizéjama iekarta, kuras elektroniska dala atrastos krasta, sanemot barosanu no 230V
tikla. JGra tiktu iegremdéts tikai skalrunis, ko ar telpu vai konteineru krasta savienotu kabelis. Pat ar 500m
garu kabeli sistéema izmaksatu létak, neka autonoma. DiemZzeél S$ads risinajums derétu tikai daZiem
zvejniekiem, kam jiras krasta ir kada blve.

Autonomai, jlira noenkurotai iekartai varétu noderét saules panelis un/vai véja generators. Diemzél
aprékini liecina - lai nodrosSinatu nepartrauktu iekartas darbu cauru diennakti (ar vidéjo starotaja jaudu
10W), pat saulaina vasaras vidi batu vajadzigs vismaz 1m? liels saules panelis, pavérsts dienvidu virziena un
aptuveni 45° slips. Lidz ar to bltu vajadzigs visai liels plosts (lidzigs ieprieks attéla redzamajam), ko jara batu
janoenkuro daudzmaz noteikta stavokli. Seko virkne trikumu: sareZgita uzstadiSana jura, liela virsma
paklauta vilnu un $lakatu iedarbibai - risks mehaniskiem bojajumiem, plosts var apgazties, pirms lielaka véja
vai vétras plostu javelk krasta.

Pavasari un rudent saulainas dienas garus samazinas. Tapéc piem. marta un oktobri vajadzétu jau 2m? lielu
paneli, bet februari un novembri - jau gandriz 6m? lielu! Ja nav iespéjas turét plostu noteiktd stavokli,
vajadzetu uzstadit vairakus saules panelus (skat. skici), kas padaritu plostu vél smagaku un dargaku.
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Arivéja generatora (skicés - tumsakais cilindrs) pielietoSana ir apSaubama vairaku apstaklu dél:
- Ja, $adus generatorus bieZi redzam jahtu mastos, tacu $aja gadijuma to nevarétu novietot tik augstu.
Tatad jarékinas ar Slakatu vai pat vilnu mehanisko iedarbibu.
- Sadiem ekstrémiem apstakliem razotu véja generatoru cenas méramas vairakos tiksto$os.
— Pietiekami stiprs véjs, tapat, ka saules starojums, nav garantéts energétisks resurss. Tapéc uz plosta
naktos uzstadit gan saules panelus, gan véja generatoru. lzmaksas pieaugtu dramatiski.

Domajot par sapratigu izmaksu iekartu, atliek tikai akumulatora baroSana. Ari te iespéjami vairaki risinajumi.
Projekta gaita raditaja iekarta akumulators ir ieblvéts korpusa lidz ar visu paréjo aprikojumu. Tatad ik péc
paris diennaktim jura visu iekartu ir jaizcel un javed krasta uzladei - ne visai érts risinajums. Uzlades laika
(aptuveni 10 stundas) tikls jara paliek neaizsargats. Turét pie sevis divas vienadas iekartas (viena - jlra, otra
krasta uzladei) bltu parak dargi. Nakosaja sadala tiks izklastiti secinajumi par sameérigu izmaksu iekartu.

4. Kadai jabut iekartai?

Korpuss, skalrunis, izmeéri

Projekta gaita izstradataja iekartas prototipa skalrunis tika
piekarts korpusam ap 5m gara trosg, jo lielaka dziluma tas izstaro
efektivak. Tacu lidz ar to iekartas uzstadisana ir diezgan neérta, it
Tpasi to darot vienam bez paliga.

Un pastavigas Stposanas dé| trose vairakkart trika un bija
janomaina. Vél neértibas sagadaja gandriz metru garais stienis ar
bridinajuma gaismu un antenam - parak viegli nolauzama dala.
Tapéc gala varianta skalrunis tiks iemontéts peldosa korpusa
pasa apaksa. Un korpusu izveidosim péc iespéjas garu (cik to
atlauj praktiski apsvérumi - ap 2m garu).
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Secinajam: lekartas korpuss varéetu bat [idz 2m gars tievs cilindrs, kura lielaka dala atrastos zem tdens. Un
skalrunis tiks nostiprinats cilindra apaksa. Lai ari tas nedaudz samazina izstaroSanas efektivitati, tomér
uzstadisanu daris nesalidzinami értaku. Virs Gdens redzamo dalu ar bridinajuma gaismu jasaisina lidz 50cm
un jaizveido mehaniski stingraku.

Baro$ana

lekartu veidosim divdaligu. Cilindriska ¢aula ar skalruni un visu elektronisko aprikojumu ilgstosi atradisies pie
tikla jara. Caulas iekdpusé varés ievietot akumulatora bloku. Tie bis divi - viens krasta - uzladé, otrs - jura.
Bloka ievietoSanu un nostiprinasanu €aula paredzam diezgan vienkarsu.

Grataka dala Seit - akumulatoru elektriska pievienoSana caulas aprikojumam jara. Létakais risinajums -
attiecigas aizsardzibas klases spraudnis un ligzda. Ligzda - akumulatora bloka augSpusé, spraudnis - Tsa
kabela gal3, kas nak no caulas. Lai ari tas viss atradisies virs Gdens [imena, un tiks attiecigi noblivéti, tomér
akumulatora bloka nomainas laika jlra uz atklatiem kontaktiem var uzs|akstities salsiidens, kas atri vien
sabojas kontaktu virsmas.

Perspektiva paredzam bezvadu energijas parvadi starp akumulatoru bloku un c¢aulu. Tomér $aja virziena
darbs vél turpinas.

Papildus funkcionalitate

Ta ir pieminéta jau projekta nosaukuma un nozimé papildus elektronisko aprikojumu, kas mums caur
aplikaciju viedtelefona |auj sekot iekartas atrasanas vietai, akumulatora stavoklim un vairaku iemontétu
sensoru signaliem, ka art attalinati “atmodinat” vai “aizmidzinat” iekartu (parslégt darba vai samazinata
energijas patérina reZzima). Tas vienlaikus nozimé gan lietderigas informacijas sanemsanu, vadibas iespéjas,
gan ar1 papildus energopatérinu un izmaksas. Gala varianta $is lietas varétu but uzstadamas péc pasutitaja
izvéles.

5. Noslegumam

Lddzam péc ST raksta publicéSanas vél nesteigties ar jaunas iekartas pasitijumiem! Mums nepiecieSams vél
vismaz gads lidz pirmas mazas sérijas izgatavosSanai. Arl cenu [imeni pagaidam varam tikai prognozét - ap
5000€ liment.

Atrak un letak pie iekartas varétu tikt zvejnieki, kas var atlauties elektronisko dalu atstat krasta un lidz
skalrunim jara ierakt/iegremdét kabeli.

Vél janem veéra: ja piekrasté netalu izvietoti vairaku Tpasnieku tikli, un viens iegadajas iekartu, kaimini vairak
izjutls ronu raditos zaudéjumus.
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1. Pielikums. Airmar Zemiidens skalruna impedances mérijumi

Measurement: Impedance Adapter
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Frequency (Hz)
Trace 1 Trace 2
Cursor 1 Cursor 2 Delta C2-C1
Frequency 11,121 kHz 8,196 kHz -2,925 kHz
Trace 1 Magnitude Magnitude Magnitude
Measurement 83407 0 371510 -46,256 0
Trace 2 Phase (%) Phase [} Phase [°)
Measurement 20,601 ° -5,03°" -25,631°
Sweep Calibration Full-Range User-Range
Start frequency: 1 kHz Impedance - Active
Stop frequency: 20 kHz
Center frequency: 10,5 kHz
Span: 19 kHz
Sweep mode: Logarithmic
MNumer of points: 1601
Hardware setup
Device type: BodelOOR1
Serial number: JL0B4C
Receiver bandwidth: 300 Hz
Qutput level: 13 dBm
DUT settling time: 0 ms
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Measurement: Impedance Adapter
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Frequency (Hz)
Trace 1 Trace 2
Cursor 1 Cursor 2 Delta C2-C1
Frequency 10,067 kHz 18,01 kHz 7,943 kHz
Trace 1l Magnitude Magnitude Magnitude
Measurement 533,520 809,752 0 276,231 0
Trace 2 Phase (°) Phase (°) Phase (°)
Measurement 11,634° 88,764 77,13 °
Sweep Calibration Full-Range User-Range
Start frequency: 1 kHz Impedance - Active
Stop frequency: 20 kHz
Center frequency: 10,5 kHz
Span: 19 kHz
Sweep mode: Logarithmic
Numer of points: 1601
Hardware setup
Device type: Bode100R1
Serial number: JLOGAC
Receiver bandwidth: 300 Hz
Output level: 13 dBm
DUT settling time: 0ms
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postijumu

2. Pielikums. Publikacijas medijos

I 2.1. Pielikums Zivju lapa

http://laukutikls.lv/nozares/zivsaimnieciba/raksti/rod-vienu-no-ronu-problemas-risinajumiem

iviu Lapa

epazistinim ar LLKC un sa-

darbibas partnern paveikto no-

pietnikas piekrastes zvejnieku

problémas risinasanai — ronu
nodarito postijumu lomiem un zve-
jas rikiem mazinasanai.

Uzsakot darbu LLKC. kopa ar
pasvaldibas parstavjiem tikos ar Car-
nikavas novada zvejniekiem. kuri
zvejo gan jliras piekrasts, gan iekds-
jos Gdenos. Uz jautajumu, kas traucg
veiksmigu uznémeéjdarbibu, ki galve-
no problému zvejnieki noradyja ronu
nekontroléto izplatibu Baltjas jira
un to nodaritos postijumus. Ne mazik
svarigs faktors ir arf piesdrnojums un
malu zvejnieku kaitniecisk3 riciba.

Lai apzinatu ronu postjumu apjo-
mu un meklgtu problémas risindjumus,
tika sakts darbs un 1zpé@iits, kida 1 s1-
tudcya jiras piekrast® un kidi varétu
bit iespgjamie risinjumi. Apstiprina-
jas fakts, ka katru gadu peleko roqu
skaits Baltijas jiira strauji palielinas,
un rom baribas mekl&umos apgiist aiz-
vien jaunas teritoryas. Latvyd netiek
veikts regulirs ronu populicijas mom-
torings, bet dan tiek iegiti no Baltyas
jiiras vides aizsardzibas komisijas ap-
kopojuma. Par ropu darbibas aktrvita-

tes palielinddanos var spriest, veicot arf

nevélamas piezvejas datu analizi. So-
mijas un Igaunijas petnieki novertejusi
tonu piezveju dazidos Baltijas jiras
regionos, un Rigas jiiras lica apgabala
novérota maksimala ronu piezveja, kas
liecina par ronu koncentrésanos.
Analizgjot petijuma ieghtos datus,
kA arf 1zvertgjot ronu radftos ekonomis-
kos zand&umus, Baltyas jiiras valstis
1zstradati un aprobét vamiki rogu —
zveymeku konflikta nisindjumi. Somm-
jas, Zviedrijas un Igaunijas zvejnie-
kiem izsniedz ierobezotu licencu skai-
tu peleko romu medibam, tacu kvota
netiek pilniba apgita. jo ronu medibu
process ir sareZgits, k3 ari pieprasfjums
péc rogu adam un taukiem ir neliels.
Viens no efekfivikajiem pasaulé
atzitajiem ropu nodarfto zaudgumu
maziniianas risindjumiem ir zemiidens
akustisko raiditan (ZAR) izvietoga-
na pie zvejas tikiem, kas lauj atbaidit
topus no loma un samazinit tieSos un

Latvijas Lauku konsulticiju un izglifibas centra INFORMATIVAIS IZDEVUMS

ZAR testéiana Daugava, attéla re-
dzams G. Kulikovskis

netiefos zandgumus. Daudzos avotos
tika atzimets, ka tirgd pieejamo ZAR
izmantoana, neskatoties uz poten-
cialiem ieguvumiem, Latviyas zvej-
niekiem nav ekonomiski izdeviga to
augstas cenas del. Tapat var izradities,
ka pat visa nepieciefami aprikojuma
iegide vietéjiem zvejniekiem nelaus
atrisindt ronu nodarito postjumu prob-
lemu Latvyd zvejmecibas apstaklu
ipatmibu del. Minetie faktori radja
nepieciefamibu izveidot Latvijas aps-
takliem piemérotus ZAR, kuriem biitu
ne tikai zemdkas tegades 1zmaksas un

paplaimata funkcionalitate, bet tie arf

tiktu pielagoti vietdjo zveynieku pra-
stham, nodrodmot augstaku darbibas
efektivitati.

Aicindjumam izveidot $idu rogu
atbaiditaju atsaucds Rigas tehmiskas
universitites Radioelektronikas insti-
tiita zinatnieki Artars Aboltins, Maris
Zelting, Maris Térauds un Dmitrijs Pi-
kulins. Lauku atbalsta dienests atvéra
atbilstodu atbalsta pasakumu. pieik-
rot finansgjumu. RTU zinatniekiem
palidzibu sniedza ar1 Latvijas Zvejnie-
I federicijas vaditajs Evalds Urtans,

4

ROD VIENU NO RONU
PROBLEMAS RISINAJUMIEM

un tapa projekta pietetkums “Papladi-
nitas funkcionalitites liehjaudas zem-
tdens akustiska raiditaja izstrade ronu
nodarfto  pestijumu  samazind$anai
Latvijas piekrastes zveja”.

Projekta Istenosanas gaita

Aicinaju uz sarunu Rigas tehnis-
kas universitites Radioelektronikas
institita projekta zinatniske vaditaju
Dmitriju Pikulinu

— Kas motivéja pienemt sadarbi-
bas piedavijumu no LLKC?

— Jau sakuma LLKC piedavata
téma 3kita interesanta, jo bez zinat-
niskd aspekta ldva nisinit konkrétu,
loti aktuilu tautsmmmecibas prob-
lemu. Sakotn@n Skata, ka visam pa-
stavoiajam problémam lielie raZotaji
1r 1zveidojusi atbilstosus veiksmigus
un gadiem parbauditus risindjumus.
Iedzihinoties probléma, izradpas, ka
tirg ir tikai daZi risindgjumi, kuriem
piemit butiski trakumi, kas nelauyj tos
1zmantot vai manami ierobeZo to pie-
lietojumu Latvyas zvejniekiem:

* viens no noteicodiem faktoriem,
protams. i cena — ap 8000-10 000
etro, turklat piegadata tiek tikai kaste
ar signila generatoru, un zvejniekiem
pasiem jabiive plosts, janodrosina ba-
rodana (akumulators, 13d&tds, saules
panelis utt.);

* pastavoias sistémas izstradatas
pims daudziem gadiem, un saskana
ar pédgjo gadu pétjumiem daudzu
sistému generétie signili atrodas ar-
pus ronu dzirdes diapazona.

Tapec radas ideja izveidot efekfi-
viaku sistému ar daudz pladaku funk-
cionalitati, kas balstitos uz misdienu
shemtehniskiem nsmijumiem un jau-
nikiem zindtniskiem atkldjumiem. Ko-
mand3 1zdevas sadalit pienakumus ta,
lai iemteresétu katru no msalsmajlem

m afjﬂllﬂ.leﬂl""-“
— Ar ko sakit Istenoianas procesu?
— Vispirms iepazinamies ar jau eso-
%o risinajumu, kas tiek izmantots Latvi-
ja. Kopi ar LLKC parstavi aizbraucam
pie KS “Vecdangava™ zveyniekiem, lai
novertetn, ki dzive izskatds tigh pie-
ejams produkts un kada veida tas tika
pielagots misu apstakliem
s Ipp.

Latvijas Lauku konsultaciju un izglitibas centrs,

Rigas iela 34, Ozolnieki, Ozolnieku pag., Ozolnieku nov.,
LV-3018, talr. 63050220, admin@llke.lv, zivjutikls@llkc.lv
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i

= (U JD « 4. Ipp.
—;! - Secindjums bija par labu projek-
L j :: ta izvirzitajiem mérkiem, — ar visu
‘_j o’ savu lerobeZoto funkcionalitat zvej-
T = niekiem piegadatais produkts prasfja
] =) milzigas piles, adaptdjot to piekrastes
- *J' ::' zvejnieku vajadzibam. Tika uzbavéts
- '\_i plosts uz pontoniem, ierkoti akumu-
- L - latori, saules panelis ar 1ad&tajiem utt.
"fj :) - C_ﬂrnilfm’ﬁ pagajusa gml.ﬂ _SE[:.I-
- =] tembri notika LLKC organizétais
|

semindrs par Rigas jiras lica pie-
krasté izmantojamo zvejas riku un

ronu Hdzaspastivésanu, kurd pie-

LS

:: dalijas Rigas jiiras Iica piekrastes
) zvejnieki no Kolkas Iidz KuiviZiem.
= Vai Sis pasakums palidzéja darba
N pie ZAR izveidoianas? | f : .
. — Viens no neatnemamiem iekartas — ‘.r
- izstrides nosacfjunuem byja pastaviga Zindtnieki ZA “Tome” izméginijumos (no kreisis): M. Térauds, D. Piku-
ol kontakta uzturéSana ar zvejmekiem lins, A. Aboltins un M. Zeltins

RF

A

VALA

Rigas iela 34, Ozolnieki, Ozolnieku pag., Ozolnieku nov.,
LV-3018, talr. 63050220, admin@llke.lv, zivjutikls@llkc.lv

Latvijas Lauku konsultaciju un izglitibas centrs,

un vinu interefu parstavjiem. Tas lava
pétniekiem. kas galvenokdrt orients-
jas elektronisko sistému 1zstrads, ne-
novirziies no pareiza “kursa” un veikt
projekta planoto rezultitu aprobaciju,
iekartas parametru un konstrukcijas
pieligosanu redliem apstakliem.

Minétais semindrs sniedza biitis-
ku ieguldfjumu projekta attistibai un
lava ieekonomét dandz vértiga laika,
nepiclaujot daudzas projektésanas
klidas. Seminrs tika organizéts latka,
kad notika aktivs darbs pie prototipa
izstrades, 1idz ar to radds daudz prak-
tisko jautdjumu, uz kuriem bija iespe-
jams sanemt atbildi no potencialajiem
izstraddjamas  ickdrtas lietotdjiem.
Pieméram, tied1 51 seminara laik3a tika
noskaidrots, ka droda iekirtas 1zvieto-
sana vz plosta piekrast? nav Istenoja-
ma, un jamekl# citas alternafivas.

— Kadas bija griitibas, labakie ri-
sindjumi Istenoanas procesa?

— Viens no svarigakiem aspektiem
akustiska raiditija izbiives procesi
ir atbilstoSo signilu generiana, kas
efektivi iedarbotos uz romiem. Tika
1zpétitt lidzimépe nsmdumi, ki arf
jaunakie zinatmskie raksti par ronu
dzirdes Tpatnibam. Izradfas, ka eso-
$os analogos lietotie sign3h potenciali
spE) 1etekmét nevis tikal rogus, bet arf
atbaidit zivis! Ziemeleiropas valstis
to var atlauties, — zivis tiek andzEtas
slégtas fermas un tam nav kur sprukt,
ar latku t3s pierastu pie periodiskiem
“fona trokimem” Tomér misu pie-
krastes zvejniekiem zivis ir jadabn
tikla, nevis jaatbaida. Lidz ar to k&-

ramies klat specifisko signalu 1zpétes,
kas vismazik kart€tu zivim, un tads r1-
sinajums tika atrasts. Veiksmigi piera-
dfjam misu hipotezi, veicot testEianu
Tomes zivju audzetava.

Viens no efekti-
vakajiem risinaju-
miem ir zemidens
akustisko raiditaju

izvietosana

Nikamais izaicindjums bija izdo-
mat, kada bis elektromkas izvietoda-
nas platforma jira. Pirmais varants,
pie ki diezgan ilgi pieturdjamies, bija
tas pats plosts. Tomér 1zradyas, ka $ada
tipa konstrukeija spgj stabili uzturgties
upé, bet jiira apgazas pat pie nelieliem
vilniem. $inf posma iesaistijam projek-
3 miisu RTU Dizaina fabrikas specia-
lhistus. Guntis Kulikovsks lot: 153 laik3,
balstoties uz misu defin€tam specifika-
cyam, izstraddja akustiskajam raidnta-
jam jaunu korpusu, — esoda tterdcya tas
Iidzinas pludinam/bojas, un ir ceribas,
ka paradis labu dinamiku piekrastg.

—Kad planojat pabeigt projektu?

— Projekta oficialais noslégums,
kad jaatskaitas par rezultatiem. ir lidz
i3gada 31 decembrim. Elektronikas
darbiba tika test€ta laboratorija un ari
Daugava — Kipsali. Pagaidim netika

konstatetas biitiskas novirzes no pro-
jekta defindtas specifikicyas, lidz ar
to nikamais posms ir test8iana jura.
Sakuma veiksim pilottestdianu dazu
dienu garumi — salidzindsim lomu
ar/bez akustiska raiditaja, novertésim
aparatiras uzvedibu piekrasté. Tad va-
sard Tstenosim plagiku test8Sanas pla-
nu vairakas vietas, novertgjot arf ronu
pieraianu pie misu iekdrtas generéta-
jiem signdliem

— Kadas darbibas paredzétas pec
prototipa veiksmigiem izméginaju-
miem?

— P&c pirm3a prototipa palaiZanas
Jau esoid stadya paradas daudz dazadu
ideju par iespgjamiem uzlabojumiem
gan elektroniki, gan programmatii-
ra, gan arf mehanikd. P&c 1zmEgina-
jumiem jlird noteikti paradisies vel
gariks saraksts ar optimizacijas ie-
spgjam. Kas attiecas uz darbibam péc
projekta nosléguma, tad &is jautdjums
pagaidam paliek atklats, jo ir saistits
ar daudzam jundiskim mansém, kas
jatevéro, 1zstraddjot Eiropas projek-
tus. Tomer més darfsim visu no mums
atkarigo, lai misu novafiva izstrade
noniktu daudzu Latvijas zvejmeku
saimmiecib3s un klitu par droiu pali-
gu cina ar negaiditiem viesiem — lomu
postitajiem. Fal

Janis KRAVALIS,

Valsts Zivsaimniecibas
sadarbibas tikla konsultants
% e-pasts:
janis kravalis@llke Iv
talr. 27763321
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2018.12.27. RTU izstradats prototips ronu atbaidiSanai no zvejas rikiem | Rigas Tehniska universitate

5. 862 .
IRy
RIGAS TEHNISKA
UNIVERSITATE

RTU IZSTRADATS PROTOTIPS RONU
ATBAIDISANAI NO ZVEJAS RIKIEM

12. jOnijs

Rigas Tehniskas universitates (RTU) Elektronikas un telekomunikdacijas fakultates
Radioelektronikas institUts sadarbiba ar RTU Dizaina fabriku izstradajis paplasinatas
funkcionalitates lieljaudas zemidens akustiska raiditaja prototipu «Ronis», kas izmantojams

ronu atbaidisanai no zvejas rikiem.

Pédéjo gadu laika Baltijas jira pieaudzis peléko ronu skaits. Baribas mekléjumos roni apgust aizvien jaunas
teritorijas, klUstot par lielako Latvijas piekrastes zvejniecibas apdraudéjumu. Vini izéd un aizbaida zivis,
nodara kaitéjumus zvejniecibas rikiem un nereti pasi tajos iet boja. Viens no efektivakajiem pasaulé
atzitajiem ronu nodarito zaudé&jumu mazinadanas risinGjumiem ir zemodens akustisko raiditaju (ZAR)
izvietosana pie zvejniecibas rikiem. ZAR raida specifiskus §im mérkim raditus akustiskos signalus, kuri
islaicigi parsniedz ronu dzirdes sapes slieksni, |aujot dzivniekus aizbaidit un samazinat tieos un netiesos

zaudéjumus.

hitps:/iwww.rtu_Iv/Iv/uni i I-medijieny. trtu-izstr prototips-rol idi i-no-zvejas-rikiem 1/6
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2018.12.27. RTU izstradats prototips ronu atbaididanai no zvejas rikiem | Rigas Tehniska universitate

piedavatie akustiskie ronu atbaiditdji raida |oti neefektivus skanas signalus. Daudzu atbaiditaju radito
signalu frekvenéu diapazons parsniedz ronu dzirdamibas slieksni, idz ar to Sie signali roniem vispar nav
sadzirdami. Tapat dzivnieki do?u dienu laika pierod pie ieprogrammétas signalu un pauZu secibas un
izmanto klusuma brizus, lai pamielotos ar zivim, st@sta projekta zingtniskais vaditajs, RTU Elektronikas un
telekomunikacijos fakultates Radicelektronikas institita (REI) direktors Dmitrijs Pikulins. REl pétnieku
izstradatais generators nodrosina raidamo signalu frekvenéu, atskanosonas biezuma un klusuma brizu
pastavigu izmainu, izslédzot dzivnieku pierasanu. Turklat sistéma ir vadama attalinati, izmantojos pétnieku
iposiizstradatu mobilo aplikaciju. Ta |auj sekot lidzi sistémas darbibas dinamikas svarigakiem porametriem:
akumulatora vzlades limenim, visu elektronisko ieriéu temperatirai, konstotét Odens poradifonos korpusa.
lek|loutais GPS modulis Jouj redla loika izsekot «Ronan atrof$ands vietai godijumos, ja tas ir aizpeldgjis jora

vai tika nozagts.

Péc elektroniskas dalos izstrades un veiksmigiem testiem, RE| pétnieki vérsas RTU Dizaina fabrika ar
komplicétu vzdevumu - diezgan Tsa laika izstradat ZAR korpusu. Dizaina fabrika tiko radits pirma prototipo
korpuss modulard izpildijjuma - «Ronis». lekartu ir iespéjams atvért, lai veiktu sistémas apkopi un
diognostiku, uzlddét ietilpigu akumulatoru, vienlaikus nepie|aujot Odens nok|0Sanu korpusd pat sareZgitos
darbibas apstak|os, stdsta RTU Dizaina fabrikas direktors Guntis Ku|ikovskis. «Ronis» aprikots ar antendm,
kos nodrogina datu attalingtu nolasiEanu un aparatlras vadibu, ka arf bakuguni. Dizaina fabrika rasti
optimali risingjumi antenu izvietojumam, aréjo kontaktu skaita optimizacijai, lai iekarta botu maksimali

droga un funkcionala.

Turpinot dorbu un testéjot ierici, «Roni» varétu optimizét, parliecinaties par visu funkciju nepieciefamibu un,
iespéjoms, podarit to kompaoktaku - esofad izpildijuma kopa ar mastu tas ir 1,6 metrus gars. Jao ierice k|Otu
kompaktaka, tas parvietoSana botu lietotdjiem értaka, saka G. Kulikovskis, piebilstot, ko, pilnveidojot «Ronin,
bOtiski ir nemt veéra lietotaju vajodzibas. Lai tas izprastu, RElI un Dizaina fabrikas pétnieki viesojusies pie
zvejniekiem, iepozinusies ar vinu darbu, pétijusi, kddas zvejas kugus un laivas vini izmanto. lzstradajot
korpusu, bijo ieceréts, kas tas jOra tiks nostiprinats, izmantojot vienu enkuru vai arl tikla enkuru, bet uz
vietas tika noskaidrots, ka enkuriir jaizvieto pa perimetru, veidojot reZgi, kura vido tiek nostipringta boja,
pasargdjot to no aizpeldéganas jUrg, ar pieméru ierices pielagosanu lietotaju vajadzibam, skaidro G.

Kulikovskis.

Pirmais prototips izstradats, izmantojot materialus un komponentes ar lielu drofuma rezervi, kas |auj veikt
iekartas parametru pieskanoSanu plasa dinamiska diopozona un pielagosanu redliem darba apstakliem,
stasta D. Pikulins. REl p&tnieki, turpinot darbu, veiks izstaroto signalu jaudas mérijumus pie zvejas rikiem,
noskaidrojot ZAR redlo darbibas radiusu. Tiks optimizéti elektroniskas dalas risingjumi, kas |aus samazingt
korpusa izmérus. Tapat pétnieki stradas pie programmatiras un aplikacijas vzlabosanas, piel@gojot to

zvejnieku prasibam.

Projekts Nr. 16-00-FO1101-000007 «Paplasinatas funkcionalitates lieljoudos zemiodens akustiska roiditgjo
izstrade ronu nodarito postijumu samaozindsanai Latvijos piekrastes zvejan tiek Istenots RTU
Radioelektronikas institOta, Eiropas Jorlietu un zivsaimniecibas fonda pasakuma «lnovacijo» ietvaros ar
Latvijas Zvejnieku federacijas atbalstu.
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