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Abstract

The search for radiation sources, as well the mapping of radiation levels
underthe surface of theea, is of major importance for the protection of
marine and human lifEor this exact reason, the purpose of this diploma
thesis is the simulation of radiation measurelneis sea, by using a new
type of autonomous underwater vehicles, called uteteghders. Initially,
in order to achieve our goal, we implement the simulation of the paths that
the underwater gliders will followaivolumeof interest, which we define.
Afterwards, we simulate the expected measurements of radiation, based on
the mths of the underwater gliders and the different type of radiation sources,
which were choseNext, we make use of the technique of interpoldion,
taking advantage of an already implemented library, as well as a neural
network, which we designed, idearto estimate the unknown values of the
coordinates, from which the underwater gliders did not pass, as they were not
included in the created paffigally, we consider the results of the simulation
to be quite satisfactory and encouraging, accordihg wvaluation we
carried out during the execution of the above mechanism.

Keywords

simulation, radiation, radiation sources, autonomous underwater vehicle,
underwater gliders, machine learning, neural netwdtikayer perceptron,
MLP
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dz 34a/Ag=®QU3a®=ja a30Dzmkes Qoad QQ3GU
Q0 3Gl dzQP faHFEe AN g P 38 GeDa g Dz KaDzmg
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Do a0G3A330g GpU, KaGA Kag Do 3&3¢
S3g9aAke, KaGA Kag DPo GagooQUopPo 30Qdz
a QDA Kaes Q&g Q U3 adzo aj Kag a3abDfgAkgDhy]
KogoADg DA] .
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RAMONES: Advancing deggean radioactivity monitoring to Environmental
Intelligence statdi].

dz §a3DHDa30Ggbhy DHo @39g3UApPo 34&//EHe
Do ¢3uDgy dzZ30GakubDHPo 09dgQUDPo, DI
KaDaikkgkog a g D& g bzl a8 A0 P U DdglP@J k U DDZ |
& 3 0 Dzek QuaderwatBrgliders DA 03008 3300KU3O0dzo
3k 20 0&KDd QaAaDA DHAKIF§OHEEA0FR0dKk A &HGI
8dzDA0 000 AggOa&d 330KaAGO3oG&eDAg &43A DD
a4 Dmo DPDDA Kilkdzrug &0 A] AdAKOdz &g Al
J3aaQabD®p 508 gDy _33QD@@©MD@MQ,DZP3@Q63@
330K®2gQUQQdz ga asQ&@g 9 aQaGubDmygDgy Dzmyj
0ggQUDIARg, OQUDDP Dxmyj 330DHQQapPDIH], a
Q&bDzzuDzZpPo KabDaAi Dmo &KDAk D DPHo 3&03
S59a /A FAJeQVIA OQ303&®e o0& dz303¢0dz DD

_+¥§a& Dpo DXKQ3HA,Q adD&EDAMY 30apao@ B § 0 & @3 a
m33QOZa PDY DPo a0aQm@oQAQ@oPg Dy QA Ol
D) d7  a gO&s ghAko3uag] Dy D4 Q& DAy ] DAGE Q@ PBLUDY
dzk 0 30 D& § G a0 PMBDDIAEIMBS 0 3 2D &P 3 § Kasep/Ed dz
KéD'Q3QaQ£anaeQU3aaegaJ. | KAQg, D#&zaK3a 0 dz
D7 gnderwatergliders DZizo & 3 D4l DZe§ Q& Dzmy KAEKADRZES |
40aGUIDAM] §3A00 30dz AKEZPOTOBDHPkaHa [
G939 D3 Q03000 4 Qiserdigtioné pZeg @4 K i 30D @4 4 § DI
D] 3aAg@xoU3zazxja] Dz 3J323909U], DFYJ
underwater gliders g9 kJiaEAHR® a o . ¥g0a Dz o A &k Dz
&350 Dzek &0 DPmy ¢ OQxdepPDgy DHdz & 3483 DD 4 0:
AgQGodz3a040® KAy ¢39DHQ0303040® Uod
A3p] Ga Ax000dz0xe DDmo Daogoaxegxejga Dmyj o
1.3 1 QU Dmy] DZaabDaaj
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underwategliderk 83 ] Q&GAA¢dj Q& D] (309 & 8
DD o&3A. | KAQg, 343 0z¢d® &G0 dysd | DRk
ﬁEgaDZjZQ/Eae/EQUQQd Q&dzzpogKoa AgKDzaA ¢ dz, K
Q& DmoQ DEQGaeDZg aeQAA'EQ z 5VA 53& (
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K& g Dz‘pQ dje giaplidersl BAA®Q g, 384 30dzDH 0 GO dzQae
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§39DHQQ309UDAQe agad Dmo 330DVaagDy i:
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https://random-fourier-features-pytorch.readthedocs.io/en/latest/layers.html#rff.layers.GaussianEncoding




U B2 bR DLANGE G A £D o
0k U]

. ODn 343A9 Ka&Glkago, G& 3&30dzDg I
530DH Q0apDy] Dﬂderwa@@ldegsg)@_q CHKDZ QU DZeg |
QaDz3 U Dz Q Dz j 3akgeoU3aeaegaj aga K
3a/Ageo@oU3a®Fa] 30dz 3430dzDH U0 DDmg Kae |
& 3 0 Dzek U DApterpdationXidz Q Q DA] §g3UuUDZ Dmyj DA
43300Q9KU] 34 WMPRAHUK [ja gREDHBRBDOzRI & . 6L
33aaQabDh303gGaes DHokgabDDA] DPo a39D:
DAzQ3 &3 aDDUDPo DAQGPoa& Q& & dzDa

4.2 I3QQEERUDZ)5DZ§ ] 30DD0Q0apPDA] | &3¢

w ~ —_ 7 W

. 533Dp] 5430dDy (DA Qe DDmyo &QADmyDA 3
330D Q0o DD § Adwndedapir gliders DY & AQ U DA Q& A
AgaGo3a&DhyKoa e&eo AQ0dz 303 ko & Dy o Ag a:
®o/Fg DZOGgYgALo 3430dzDHUGOQDAYJ DDA DHUQ
I KAQg, Qeéd g§gA3aoeDz3d ¢3UDHQY 3kg3¢
aKAQgDzy@A33@DZ§Q'eDDZ; @004aQg 4adzDa D
2K DAk D4y ] Daggrwaiggliderees a fzDDD BDH dz 3 ¢ DD DZ)zga
g A3 Q dz ‘Q/EQ&GU?ZQ(;)D@]. $+ga Dmyo aeQaapau
D | 3¢3®ed], aG30 s GoAHDESDHFDHRADDIRDR
Agags3pegeiPlea AU Dzxg o Dz grd@wmamiideis s ¢ g DL |
Nje AGDZD DA &30Dzk UDDADA DPo 330DD QI
DH QegadKAo 3gakKko, 330DzZRAaAaG)OdzQ Dmyo 4a

38



U «
‘¥ g
o

5‘4

gJ[ZajﬂgmnD@&gldkarp jr=1m.g
z §/A&30dz 30dz &g D7
AgaDZK(pszae DDy 30 DD D
erD£&e DZizqu3Dzal, D4 O&

v

id
D, 330K&3DDHdzp ¢

&8 UU\"
Ew

~

(N

1 Q¢
(@<

)
'OrBI

o pua B

~ P

¢

39



Og Ui @HATop-view/Eg da Ao Jaj

Kag DBg3pDaj KeogDA]J
Trajectory Odzook§d DKDZh QA(C | ¢ DD DD
Spacing (m) | | 3 A DAj&np: U3Ao00j |j Gk dfpop ]
100 x 100 221.21 5d & 2:53h 0.025
150 x 150 151.79 3d & 12:19h 0.017
200 x200 117.07 2d & 17:02h 0.013
250 x 250 96.251 2d & 5:28h 0.011

[ 00 a41d)ja 34 KD 3§ DDA K U

D Qg §gAQ Agaakoga

Voxel Spacing Odzo ok g DKDZ QA( | ¢ DD DD
(m) | 3 A DZyENnp: U3Ao007 |j Gk dfpop ]
200 x200 362.2 8d & 9:13h 0.042
300 x 300 229.57 5d & 7:32h 0.026
400 x 400 146.7 3d & 9:30h 0.017
500 x 500 133.21 3d & 2:00h 0.015
| 9084241 U4 34aKDg3gDDy KGO D ogygAo DZG3PpD4

3 | 30DHQ0apPDY] | gad
53P] 3&430d2DyiDDmyKee, DDxmyo dz3Q & ADgy
AEJaGQ 3Dy KAQ 3gake 3aAgeoU3za®mya] 30d
a3Q0Dzek0aoDAa g &3A D] DYORIaK@Uj3gaU]
Ka G Aj Kag DA]J KpPoo &y Ao ] 2galj . O D:



830Dz2k UDDADA DPo 330DD QO ADzpo A& dzDzEo
DH dZ 4048 3a30DDhaA DL .

- OgOo&a3aKUy T gaUj
_iloQooDA] ¢3uDH DZ;I_QZJ_UDZ;I (2) Kag
dolkopaa Q& DH OQUDDH AJUAODY] &KDzek UDA
Q&Dz U Dzepo 3 a Af ®o U3 a sjdarjvatertlidenaDDabmy ¢ Ko
03§gDDUo 0 AaKo. | KAQg, 3 KEDPQ PAOZR DAY KK
3430d2D» 4Dy DP9 &30Dzk@DDIDPo 3¢dz G
dz30 29 ADm DA, G&pP304&Qae ADy Aeo dZ303¢4a
AGUAODY], K&y kaoQAloqodQ& Q&Dz UDZy] 3.
DZj]  036DDU0 2] 0FgBYRY] O Lilidh Py Kisys o DB O =g
DPo 03508Po 09 GUDZg] Kag 09 a3jggKU]J

- Tgau 1:

LJU D@, y, z) = (2500, 2100, 0)

| 399 KU loU0lFIA2BE :

- Tgal 2:

LJU D@ v, 2) = (700, 2700, 0)

| 339§ KU lobo7BADGRC:

- Tgau 3:

LJU D& v, 2) = (900, 600, 0)

| 339§ KU lo5RABS :
. 1 azakiDp, Dmago 3 &xgKdngheBmpallo DD
530DHQ0gpQUopo Q&Dz ZUDZRpQ x@2 300 BD k U
Ag u AQ DG || KDBQg ,a Wa3gaa Dz o ®43&Dfy DP9 DI C
underwategliderd) § &9 gjg_DZ:gQ _3vrgj@élaea3gDz@@zqﬁ@ﬁag
ADE 0§ DxE&y] 3SgaUf 33389KQQGGQQ¥DEQ_‘_ a3
j3gau 3 U DDZA DD |, Kag DamderdzeamiulgrsK & g a A

41



DZlzg 23 A , Q30304aQ& o4& R_Goodzoae Qsd 380
eluoq9 Dz *23A Q Q0 33 3a QanderwhtagidergDz® DO dzO &
Qo4 323909l aadzp a3A 4adzdAj .
3000 G1 calculations 350000
2500 4 300000
2000 4 250000g
P zooooog
27 -150000%
10007 o 1000003
3001 L 50000
° 500 1000 15'09 2000 2500 3000

Og U @fHeatmap330DD Q0 §gpPOUoPpo DFYOQA Q& AJUADL
2000 G1 calculations le-80 , o
1.75
2500 1
1.50
2000 1 »
1258
% 1500 - 1.00 g
0.75 %
1000 1 =
0.50
500 4
0.25
0 r ; r : - 0.00
0 500 1000 1500 2000 2500 3000
X axis
O¢g li @FHeatmap330DH Q0 gpPQUopPo DY QA Q& AYl AQ I

__lazasiop, DEEgo 3@633@2 WBMDWQ b
330DDQ0gPQUopPo Qe&Dz U DZep o x-yQ&e] 43 3@ Amak i
Ayl AoDY] D o@3A. O& aoDmG@Dy O& DB
QAQQ g9 Qo9a 3gau 3ZaAgeoU3za®gaj &9Dn3



Q®Dz3 ¢ & QE&HEFy apIGajeg 4] @®004g§ 30kkU] L
D&iza K39 D Ku Q& Dmyo AguAQODgHy DDDHo aU3a,
/o KDy a3ADA&®DZ], KaGA g DYQU Dpdz 3
A30 Dmj DHUDZ] (2). Odmpge3is o DDAREERS
DDy o&3A, G&p3oa0Qa 3pP] @&®s9ag 3Jo0ka Aarl
o®3A, KaGA g 3dKoADgmgDA DpHdz ®s04a§ 4&:
DH QaoDhy KU Dmo AglUAODDH Dmyj 3aALgeoU3aex
 *¥0a& Dmo =3§AxAdspDF , DmgEK Dk PDE DD 3 3
Z)a‘egjuoéiiDz?t O KiGe&e Uoad 4&43A &dzdd, DD 3
539aU0] 300QpyDDp 3@SHpdE] O Dazgds o DA
®o DI DF QU DZ°, 1058, Q24 PYDD | ¥ i A0 D] DD

J&®oe 3 40Q@), dzhsd Dmy @ & 3 Guiperwate@imeDFEG Latzzg&[m)amq
5 QUDzZpPo &3A addio DHdz 330ga@P@EQeeg
a399KA Dgyo=sQ D@dZXESS@M@,Qa@MﬂQ@B@Eﬁ?@I
3337 Q dz I?@ uh@amm;mp QDaDze DDA 3=v ) VMQQ@E@E@Q .
kuAaOQe, ] 3391, szg_az,gGQ DPo 3Jga
QxkeaakabDzm3ipPpo DIyOA 3aALg@eoU3axega] 30dz

Ogli®& Heatmaps KakaDz:3Do 3%0pD&20O&DPGDH o 4
43



~ O® 039gDDUo4& ahgamaipd 33 DYFZHB@PAYF 03
ubDg 3] 323909U]. ag 3&3909U] Q& UDZ
Agaa3zaOoQubDpPo 0GekakooDaA g DDzmyo DAzo GuKg
03084 O0O&g AQeQ g dzQ & K amgio v5513QJLQD’z?3l}J5 DS QKA
underwateglidetra § 3&39g0 g U]J Oz ubDZk30 g3ﬁEQa D:
AgaazaooubdDPo 0§ Geaes Rt_JQCD@SgaCII{@lﬂj a(mqloo&q
®3AQ&0g Dz Qg ayliDHHEK kGgk gl DEARO)EEKPA] ¢
DAlzo @ e AGK & DD A Dz3 Q& Da DDxg K .

OdzookgKli, &43A DA 343a3l0op Agaaziloc
38340390y Ky UDDZ, g QUDZgDL Dm] 3.
gg‘e?,A_a‘eer"_g ®eK3kgKDg Ku AaDKQokg. | KAQg
a3a3z0g Kag3akAosda g paxm GQUDSH  AguU AQDLY]
3&30kaOQAUOo0&eDAa g DDA 3a3zajuopP 3JZa&g3uQab:

NBE QAl 09 oDA]J dz53AHIgo DA 3a3a3lop &
K& DzedzGdzo GO0AQa&® 330] Dmo a40aGgDaiDl Kag
a®o g KAAZ aDDbH o AaKo, Dz a4oDm GaebDf O
aoDlyDDHo§gygDYy DHdAdZ Dz Ki3090 DIHzaKaeK3JY
DDZ ] &3AQ&q&] dZ30 &9 ADm Dze] &Q&DZA G dzQ&
Q=3 g KA Ki30§0 Ko QOU D ADaRdE 36438y dz KIDE
aoaGo3szuj, 030G0oDA] AackgfoundBaajg @aDz5 U
Agadgp3o0GooDA] Dmo 43430g DpHdz Go3A4A0dz
- 1T gaUlUj 1jabaooQuj

ODDH 3k&aoDfho Dm] 3a304DA] Ag3kpOoaD3
KaDAooOQU] &40aGo3i], O&e DKOo3A Dmyo (3
Q&Dz3 U1 DP9 KabDadi Dxyo uskrddickl@dd KB4Dg , 30 3¢
032GodzQ® Dm@o 330DDH 00 HRPUPG O Dza § PRz
23§ DDE UGey g Daizg i 3@BNY Chgo AkGQBALL] o 0aQyDHA J
KU309g00Q UkKpaj3XaDapg@a aoaGo3u] 30d
aKAkodzGg:

oofufa OET —— - S ()

44



~ =~ z ~

B =
WNCQ

m:lw(U w)
O (N<<b' B

S G N 1 Ok

O e

Q. O

Dalzo U g &9 &,
dzDf 0 G.&DATH P\
D

<

C:<,O p—N(®}

O

~ g —

b N7 -

O P

B
O X«

@)
B

O B R«

’O VI O PQI"'_<

[ G)\

~ - ~ 7z ~

®



+gad DDHdF DXKQJ 3
I a



| KAQg, Dz ®430] DPo DYOQAQ 30dz kaQAl
Gaooa®DAg K&y a3A DA 3a343l0op Agaazio
Akeae] Dh] DAY QUJA Dmdr FIH@EEKQdriadio Al dz Aa D
aga Dzmo DZ}IzaKa‘eKBQQUQg,gBQQQKU DDz a Qu ,
Dmyo AJaAJKaDsra& Do DAAK3I§DY DPo &30Dz
38320A0klU] Ka&ag DR & 30 Dzek &DDU DA ¢ DD dz
100
300 >
f 250
200
150 o9
100
g
o 40
3000
2500
2000 20

1500
1000 Y

500

x “““2s500
3000 ©

Ogli@A UadgoAOoxe®dns gagKily diDZGaI DDA DY (t =0)

100
80
300
250
200
60
150
100
50
0 40
3000
20

X 2500

3000 ©

Oglu@A UAJgoAQaeom00E]Y G gdzDD] (t

47



100

40

20

Ogu@Ad uadgoAOzoo AglgdzdDly] (t=15000

Uoa KI
A’EQ() D73 § AQ /A & DD DZ=D

G500 \0-0150P)DZY HH 0RF8j] D) dz &DP |
E@EGNQ%@@HE@@@Wﬁ%@‘
EﬁF%3ﬂEQQ¥Wm®¢m(
uGee D@ Qe

o
N ‘Qi
> Q¢
Qa1 Cx DK X‘
©x¢
N Qi
g
o]l (B<

) =< O ager =
(NO B¢

O Bk wiea B One

Y —.0
Q— — X‘

LN

el

»b'

O

X ail Q1
O
U
B g
Qu
(G

Q ©x

Q.

@

Cl
O O @
O g
« O

@ § 8 »a w»o
H £7)) ﬁ
B

OO0 020 UOWET Wk
o
N

& =N E & B o g
S

B
5
¢
&
P
Qu

DDz

[@N]

(@]
Q-
[

—

Oguo@® 1430

dzD®» aDf Kpoo &y A)Aj

48



Mean SquaredError

0 0 Mean Squared Error (M

<

(N«
o]l
<« D) U

N
¢
W g o Ol ) QO
21— QJJ\'O'

26

%. (@N N

Q¢

]

(¢b)

)

B

ol =}
Qo (¢ 8i w

O DO DT O Q@
& Remy,

o o
<
—
B .o
r O

— m|%<
66
9
2 OB cg B
WO

&
(.N‘D%,O|

2] " (¢
o o
N

O

Q¢ B:lno D (N
O ¢

O B:IU'U(Q(-'OI

[ -
©Q fif G« B

rOEjmn
' B

BB
O
4
B

RO Iy, SO &t
o]l

o

N

O

Qi
¢
¢

B

O o
B
Qi

WO O FFI' O ’% «
> w10 W X<
C O DO

(N¢ 8, Q)1 (¢
Q¢ (N
Qi

&
B
(N X<
@]

HYO -B & O

Root Mean SquaredError

0 qRootMeanSquaredtrror (RMSB dz30 k 0 é)aeG 8DA §o A0 Dz
MSIE)@AQQ 3de DDZX Dzek g KA & 30 DA
é .| dzDA K lok#y] Do 3303 0 PIdIk &P k &

U] DHdz ®#004§ OYFK3ADz3 2jDDAHBH §8 § 0
i GO o DA § D] d7 sadfenfo X) o] MSE DA K ¢ dz
ERVSEQ &g A0 0 0 DAF3 K@ gZEidges 0 o dzo

YO -B @ @

PeakSignatto-Noise Ratio

~ -

6 QPeakSignato-NoiseRationii PSNR& 3 ¢ Dekizedz3 g Ki, Q& |

03094 anquaaeaDzag 9 3503ADmgDa DHdz &g
2GKAQa] U AeoDz). Dhoadyd Qod &dzZUpP] (.
Dnj 303gADmDA] O&xDA QA DdHdz a39ggKOA DA O



<

RG30dz XeeBRAEDAAS & +§d PENRY 3 i) Ded BA PG
Dz dz @430 ¢ D O/o D MGVBEI0GK 0343 oDiAKAIE
Q&Dz Qa DPo & 3A[APRU &K adgs DDRENGIDIRep DZDE) dz
pi  @Quj .
OYOYCHT Q OddQ U R pi i @ YO

_ 5ka& Da 32i3KIBRKOADDFKdEo DDA 3k as DI
AgSkpQaDgKujs53®e3@®abDhgpgliGgKag Dz 099K
030920dz Dz ¢§a3abDmy 3y DDy KA dz3 &K PArRLEDS 0 PDE
Dzlzo i 3 D DF A O]  Fidogue QAo | g 31 DG D ¢
&3 ®0®3 adDDW, UPY gDggK 340 FxdzDy KAg g ki
DAMLP,lAgodo Q& Dmo &®@Q00koKkU3Q0dz g3UDD

Hardware Ua34KDmg 39l

DA &Qa&%4aaDz AMD Ryzen 9 5900X

UdzDfg Koo 1 d 12

NDagKoae I d 24
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spacingd o k0 ad Q& DO &0 A0] DwKa4KoogDbDFh]
3430dDHUGOQDAY &doakdDhKi 09 Q&b gKU
DAaK3gDg O& Day] 334a0abDhyKU] DmhyouU] D
AgOgodzzauibDAQe, KAaGA Kag o0 g3Aooj] ok
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| @0 330: RMSE MSE PSNR &k oKKkU 3
(seconds)
100x100_cone 0.435 0.19 26.309 4517.82
150x150_cone 0.448 0.201 26.058 3685.19
200x200_cone 0.455 0.207 25.922 6208.8
250x250 _cone 0.485 0.235 25.373 2474.45
300x300_cone 0.465 0.217 25.729 2489.56
100x100_diffused 1.254 1.573 37.946 4714.56
150x150_diffused 1.282 1.643 37.757 3189.47
200x200_diffused 1.995 3.979 33.915 6514.14
250x250_diffused 1.467 2.153 36.582 2365.43
300x300_diffused 1.756 3.085 35.02 2126.22
100x100_distrib 0.392 0.153 14.164 4781.69
150x150 distrib 0.455 0.207 12.867 3081.06
200x200_distrib 0.526 0.276 11.609 6601.45
250x250_distrib 0.526 0.276 11.607 2692.13
300x300_distrib 0.562 0.315 11.031 2432.46
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