creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

g
HJ
oF
o

;e
;O_l
Ho

Array Gain in Isotropic Noise

]

o

e

2

2016

o
ol

E
ol
<o)

—_
fite)

o

;Iryl

—

ol
Ho

~0

—_
fite)



;OU
NF

(<D

(D

(<D

24

2016

ﬂ,ﬂ

—

_#O_l
Ho

o



<= 2> 2
{198 EA 4
Abstract 6
1L A& 1
L1 AT-9) TRA E EA cocincmsisssussisssssssssssussssstassssssssssssssssssssinssssstussssssssssassssssassisssssnss 1
1.2 QATEIETE sesesssssussssossorsosssssssseostssessssssssssosssssssssosssssssssssssssosssssssssostssssssssessseossssssssrossassssssssssssssess 9
T B 4
2. d7H& 5
21 SHIA AL cnccsmmnnecns O e esssserso @i ssssensss dffffissnssnssassnssssssassssnsssssssssassassassrassass 5
PRREE L1 P NN 2 ) [ A o o o IR TR——— 5
2.1.2 SHFA AL Al B Y O] AL cerrerrernrrrssnnsnctiiistiiiiiieisiiseeststssassestse s sessassassnsssesnens 5

2.2 Ml O] E(Array Gain) weessessssssssnssesscesssssses . B eatsessssssesssssssesssssssesssssns 11
2.2.1 HJ D O] 5-0] A O] serrerersarsersucsesuisussnnsessnsunsnisuisnssnssessisncsnesssessisnssnssnsssssssssnssssssssnssnsanens 11
222 HHo]| 5L AL B8] HEEH cecrrrnnninniiiiiniiniineeiiiieisesnnissessnesnsssasesnsesaienns 11
2221 SNRS O] 83 AG A AE sersersessessissisnssensensessansssssessessessessssessessessessassasessessassassasens 11
2.2.2.2 Z7+A A7 (spatial coherence) o] &8 AGHI AL werresersesesnsesesssenssnnnns 15
A B g s B e e o) B - IR R 15
22222 S ASFANNA L A AFTFA e, 18

2.3 A TFR] G eeeerreserssnncsnnssnnsnisnnesnesnssatssntssatsseissaissnisstisstsssssssssatesatssatosatesaissatsssssssssssssssasssanenes 29
2.3.1 &R 5 (Directivity Index, D] Q] merresmsmsessssesnissssnssesnsssnsssisssssnsssssssssaess 29
2.3.2 A TER]Z2 A BT O] Al weeeesssresssrsssssssssssssssssssssssssssassssasssssssssssssssssssssssassssassssssssssssssssssanss 29

3. ATAY HRAZ 28
3.1 Z7HA BTG 0] 83 SHIA AL FZ e 28
3.2 Sv-A /\,ng].ﬁoﬂ/ﬂ uﬂodo]_'_l/]. ;(]b(;]:;{]:‘,: Hl L 7S5 eeeerrennsnnenesnennnnnenensnenennansannnnes 29
3.2.1 Discrete Uniform Line Array(DULA)S] 73§ «sersesersessessmssnsensensesesnssnssnsensensessnsnnss 29
3.2.2 Plane Array(PA)Q] 739 creersersersensessmssmssnsensensesensissssnssnssnsensensessssssnsssssssssssssesessnsess 33



«ee:38

NJo
T

™

il

)

43

45

o
al7

e

ii



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

O 00 N O O = W N

NI N T NG T N T NG R N T NG T N S G T N o N G
S 0 N O DR WN R O WO o0 WN R~ O

o
3

o2ty b2 WBlo] WE ZTFA AFTEA] ceerersressesserssesenssnssssessssssssssssssssenansd 2
WO Zbh A A 7EA BBl WE ZTFE AT s 9
U 4 s I 2 =) B S| [ 2 3
/\j_] /\-] HH ;‘q TE cececccsesctecssenctsaccttectessttettessssestsesssenstsesttessesesstatsssesstsestsesstsesssessssssssasessnsssassese 5
Y TLEFTET| eeeeeesserssssssssessssssssssssasssssssssssssssssasssssssssassssassssessassssssssssssssassssassssssssssssssassasasass 6
R L I e = B i~ ) 6
A2LANT (NZF D) cvrrrenennne 7
28N T (T G ) s 8
J0D S QO] ] werusserusesrissnsissssissssise st s s 8
THFA] ZS AL T sereeereeserensiiessissssestuiessiesssssstasstsiassssssssssasssssssissssssssississsesssssssissseseses 10
B G AIA] ZFIEA]  crveeeresstusssnssssssssessssessssesssssssssesssistsssstssssssussasssssssssasssssssssassssassssassasassss 13
ZANE] QAL T csserimerissesssssssssasussssissessssessssessssassisesiasas s ssssssassssassssss s asssssssssassanes 13
ZoANE] QAT eossesusssrasesssssesisssessstsssssussassssstissassssstisessssss ssssssassssasssssssssssssssssssssssnns 14
Zamo] WE AT 280 ZIEA AFTEA] cmersersssissssisesssssssssssssssisssinss 20
AXe 7+A sbAo] Hlo] WE AE Y AL FZLE AFTA e 2]
S 2T ANA Y HIGO]E HSL werstressrsssssssssssssssssssssssssssssssssssssssssssssesss 21
continuous line array FrIEA] seesssssessssersesrssssisessesssassssenens 29
continuous line array2] beam Pattern «esssssssssssssmssssssssssssssssssssassssssasssssasssaness 25
beam pattern [NOrMAlized] «wssssssssssssssssssssssssssssusssssssssussssssasssssssssssssssssssssssassssnnss 25
Deam pattern [B] swwwrsrsssssssssssssssssssssssassesssssssssssssssssssssssassssssssassssssnses 25
DI (CONtINUOUS [N ATAY) seresersssrssersssssssssssssassrsssssssssssssssssssssssssssssssssssasssssasassssssssssess 26
DI (SHFA] ) cererersmsesssnsnsnsnsisnsneesnssseesessssssssesssessssssssssssssssssssssssssssssssasssnss 27
ZHA A0l TZEA AFTIA FIZ s 28
B AN A] ZFTET]  coreereerrssssersssssssssssassssasssssssssssasssssssssssssssssssssssssssssssssssassassasssssassassasess 29
spatial coherenceS E3l] AlAFE AG wersrsssssrssrsssssssusssssssssssssssisssssssssasssssssennss 30
beam pattern (broadside) - . - 30
beam pattern (broadside) - . - 30
beam pattern (ENdfire) seesssssssssssssssssssssssssssssssssssasassanens 30
beam pattern (ENdfire) swsesssssssssssssssssssssssssssssasssssssasssasseens 30

— i -



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
o0

beam pattern% %.'SH 7;“/1\_]_—% DI seeeeeccencceecceenccencccancsencccenctenscsncsansserscsanssencsencsanacsess 31

H] G O] S} R|BER| S BT eeeereeerererensnnesnnasuieseissennsennaiesaiesuissesssesssesssessassssessessassnsenns 32
/1\:}7_}- ﬁé@ HH%/H_]/\{ }4._;:}_74] ...................................................................................... 33
BT - R o, 33
M Do) ST} X TFR| G- H] (N =3) seereresesrsussesessssusussesussesusussesnsssnsnssesnssssasssssnssssass 34
AFZF T H] G ANA] FFTEIA] ceverresmsssssssssssssssssssssssssssssssssssssssssssssasssssasssssasssssassassasss 35
BT - [, 35
H] o] S} R|BER| G BITL(JV=4) eeereererereesesrecsressesseisracsessaccsssssacsassacsacns 35
:9,'_7_}- ﬁé@ HH%/H_]/\{ }4._;:}_74] ...................................................................................... 36
BT - R o, 36
H Do) ST} A TFR| G H]TL(IN =) sereererrsresrssssessssesussssessesessssesessesesssnssassssssnans 36
S < 2 - |, 38
o 39
28 ANE (FHE GY) e 39
AL AT (AZF FY) eeeeeennee 40
A28 AT (AZF FA) e 40
T, 200 ALAI Q] ZZFA] AFTEA] eervecreorossisessenionssensenssnsensensenssnssensenssnsssssessenssasssssenss 41
19, 38 AIA Q] ZTFA AFTEA] cremeressmsssssmssssssisssssssssssssssssssssssssssssssssssssssssssssssssnns 41
T, A KA Q] FZEH AFTEA] coseresnmsseeissersserssssisssssssssssssssssssssssassssssssssssssssesssssssss 41
19, 58 A A Q] FTZEA AFTFA] s 4]
H| G O] S B]TL/TIE ceereesrssrecenssnisseecnssntencisanssniosescnnisaiisenssssnsssassnssssssasssassssssasasasssases 49

_iV_



Array Gain in Isotropic Noise

by

Yong Hwa Choi

Department of Ocean Engineering
Graduate School of Korea Maritime & Ocean University

Abstract

When an array of receivers is used in the ocean as a sonar system,
compared to using a single receiver, there is a signal gain, which is called as
Array Gain (AG). There are two methods to calculate the AG: One method is
to use Signal to Noise Ratio (SNR), and the other method is to use spatial
coherence.

In this thesis, AG is calculated and verified through Monte-Carlo
simulation, assuming the isotropic noise and the perfect coherence of target
signal in order to better understand the performance of an array of
hydrophones. Spatial coherence of noise field was calculated through the
cross-correlation coefficient of the signals received by two different receivers.

The contribution of this thesis is to summarize and to verify the existing
algorithms to typical examples. Also, it is shown that the Directivity Index(DI)
Is the same as AG in isotropic noise for all frequencies.

In future study, two topics are suggested to be further explored. First



topic is that the signal and noise are simulated in time domain, which can be
directly applied to the development of the simulator in time domain. Second
topic is to extend the complexity of the simulation to the real ocean, which
includes the simulation of directional noise and the realistic spatial coherence

of target signals.

KEY WORDS: isotropic noise; array gain; spatial coherence
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