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A Narrowband Detection Performance for Small Objects
on Seabed by the Active Synthetic Aperture Sonar

Boo-1l Kim*

Detection and processing techniques for small objects on seabed by the active synthetic aperture sonar can be
increased the detection performance because it can be used by short sensor array in small unmanned underwater
systems that are spatially constrained. But the limited conditions on constant speed and straight movement of the
platform cause a large error in the number of external environmental factors and exact phase synthesis process. In
this study, analyzed the applicability of active synthetic aperture processing that is mounted on such a system, and
compared detection resolution change in accordance with the phase difference mismatch caused by the along track
disturbance. Various simulations were performed as a coherently focus processing model by adding along track
disturbance mismatched parameter on the configuring simulator. As the result, detection performance of active
synthetic processing for small objects on seabed was found a number of changes by the phase difference mismatch
errors according to track disturbances and S/N ratio variations.

Key words : UUV, Active Sonar, Synthetic Aperture Sonar, Azimuth Resolution

2 o
S5 PITHAU] Sfg SR 4B SR 714S B2 Aok Wi 23 Hels} AlEllA Fe Aol
#lo] AFgo] 7Rsahu A FHAo] o) BAASS £ 47 ok sl ZaiEe] 4
e ole] 7] ol g alah Ak S B4 Helol Qlold Be QRS Ui Hrk. H ATelAl ofejd Alxw
ol BAlEhs 558 T ITRAZ) et B8 7154 BASL A8 ABdolEE
Bl SR FAT] B ejakE A sE vl dEshas) s Algelae a5
WES 2715jo] Alsslgon], ATolA oF 4 Qo] SRR et ajn 23EA
ol AR AT W SNH] WS 2ls) e wsl} ke o 4= 9k

R
of
%
2,
2
ot
oN,
t
‘I,
5
2
1o
:?é':
i
oZ

ofRIE 2] mle] HZWE
NS B9E) AR5

http://dx.doi.org/10.9709/JKSS.2014.23.4.041
ISSN 1225-5904

F00] | SEPINAY, FEAL AITFRAL, B

* o] ie SAThet A& elstE AT u20141)]

Received: 22 November 2014, Revised: 12 December 2014,
Accepted: 16 December 2014

*Corresponding Author: Boo-Il Kim

E-mail: bikim@pknu.ac.kr

Department of Interdisciplinary Program of Weapon Systems
Engineering, Specialized Graduate School Science & Technology
Convergence, Pukyong National University

.M B

) F=FolAe] SFEAAAE 4% A&
W) ohopet el Histell gt 2837HR 5 F
013} A|Agof| Tt BHAlo] 112E| 1 9tk Landay I 5,
2004; Lionel, 2007). meba] oFo @ o] 223142 tiof
g F7AA, 4808 Sof 9 gAY 99 F
2 23t e =o] FaHoln], &8 AJAFY]
A a9 ESEY ayste WHEE Aot

H23d mMas 20143 122 @D



(Winnefeld 5, 2013). o]of] =} AAIE7H-2 NCW(Network
Centric Warfare) 7|9t ASW(Anti-Submarine Warfare)
el we gl 9 wels AR AR, Hao
2 T 8E Aor &, 3t Yool
A% 4597 PAL 8 A8 2 5OR 55 115 A
2glo] de] 2-8-d ZloJth. oo wel, 5 RIS Al
ol gAjEo] &85 55 ke - 583 9T
o Ao, siAFE 2 EA|S] HA/AE] Fagt 1L
o} fganke] Aol diet et A W
olzg} & 4~ QItiHayes, 2009; Fernandez 5, 2003). 3
A 2FEAE HABH] flol 285 2% 78t Al-
8 SEae F2 AoEANAUE AHgst SO
U, S SUEA S Aleke s el w4

= 3t

ZuFat G99 Feau Ty AMCE A
g7t AR es g4 FAAEk ol SES] st
dloj] mEA oA ARl FANTH A
TF TeaURS] AL-S FHT AXLTolA EisiA
AlZ=% 31 Qlti(Hansen, 2011; Piper %, 2002; Gough &,
1998). M7t Al A 2] 7S v A g2 AlA
HER 45 79l AARS A& A7 5os HAYE
= Austol wE dRtolE As|of-E A st
o] =41 HjEAS i FAPCR TsE B ES
S} S 4= gl om(Istepanian 5, 2002), 2> HA] =
£ 7Hl eaue] Hig] At oR & o YA ¥4
5= 374 4= lth(Hansen 3, 2003). SEA|RE 422
ol A]2] ofe] 7kA] Alofo g, & ArjFos W &
&, tedE P4 9 534 WE 2=
Ao ofe] 717 eA4E WS Eo] 'R sidE
of W& AsAst AIE FUA7IH, o] tieh FF &
A d gito tfgh w2 A7t =S| Qlrk(Silva 5,
2008; Callow 5, 2009).

B AT HT B TS AL 4 £FR

ox

rich

A ul A2 o) Bast el ol 7ha Asky
2 stofsta, AR WE seteS Aol 7
Agstol lsEe] mIAE oS Bl Sk W
A, A £RBA BAo] Bagh A gl o
£ manEzslel dAEe nastk, A 2t udl
L ZEE o] 5ol W2 A AAksle] olof uje
Aol BAFSHE Fslofdls FHeHelE B Fow
e B ANES PN ek R
rNTEae] AL ANAR S84 WARE A=

X o o

b

(42 JEEINERPSEE

=X

2, 55 BANTFHAL TSOjHUE
BaxE Y 45 B

$ER A2go] gafete] HA AFBAS Bt
L AolEAAAE B £ IFT4 A AGOE
YA} H A1) Ao Yok o]F Fus
7] $lstel AAIE THYEY BAES T
TR e] ofst SEAUAEt a7 of
R ASER A4 71FSHAA APee 25
E A FoEM AN A T 4 o] W9l

HES £ 471 9o, ol et Fig & o v

o 5580 SHRFOR 45 RN BUEe
A2 W &% o) SPABY FA, WE B0 A
FrAo] glof Be 0xE fusH ek

2.1 BAITHAL B

Fig. 1.2 5% 7213} A28 &8 7Hs3t 55 ¢4
AL 7]skeHA 17 0 R A, Axfold|olE B
T A AN Fol7t hel $EE ST o,
2 AAES 314 HciHansen 5, 2003).

arpye shAe] £BEAS 5] Sslo] =Y
Z(elevation beamwidth) 6,2} Bl Z(azimuth beamwidth)
0,2 55 BANEE S48k, A (st range)

Cross Track

. e
—
= -
¥ = Swath width, W /
Fig. 1. Synthetic aperture sonar operation overview on
UUV system



or

S SAMTEAL| ot M AFEH S X o

or

k1

2t
—

Platform L
Track =T *\

S\ Synthetic Aperture

- .

Transducer .
Array

Fig. 2. Basic scheme of synthetic aperture beam

R,ol Q= A Aakrjo] ofs) whAb} olofict. At
olgflol= gh FAl% 3 2T SJaf AlgtatolA] ¥
AHE A B 0] mEAIZES: ALbse] 29k (swath width)
W ertze] siAEAlel tiet HAE 3Rtk =419
A Sl 2he-He W es A ROl vz
afo] uhalka7) 3 SRS 7] sl smisel
SANTZ AP HAT SEAAE Faigr) ol
Zoll wheh Zajaar A AXA Hew g AR = &
A e AR Aok Z= —Eéomiﬂlﬂlﬁ L
o U2 SRS 7HA7] sl S3isE olwoll T A
T AR AlAeflolef Hols 4— 7HE a2
ong AUt =] HAT T A & 5 A

]E ./.\_5._ u Az 1‘345_%

o}, EHIFe P |
UE 4=, 5849 ¥ vo= A
o= B2 Agko E%—E](Istepaman , 2002).

ATl Fig 29 2o] Afolgo]e] o]
ue} H4 2YBAR B2 PASS WEHoT FAY
o FAPATHO] ARA £ AUES A W 9
g 4 qlow], o] Sae AYEA chet el o)
HETH B GHS 9L 4 9k

2.2 72| U W] O} WAREEDS
A7 2o W2 TR BAS Fig 3] H ulel

o] AR REQ AR AJo|E 2H H, $AAS
o tigt AAAE = thea) ek
R, =[R2+ (z—2,)?]" (1)
(z—=z,)*
:RO+2—RJ7 |1’_.T0‘<< R(]

_-= scatter

[
| -

Fig. 3. Range differences of active synthetic aperture
formation

A7NN R AAAR, Ry Hadelsel Aol
o}, w71 ol o] SAAE SAAE Thedt 2ol

7o(t=0) K9] ATt Sh7e] AR, O] S}
£ 70 sk

Ap(t) = %ARS = (4;)( (z—x,)* ): 2mv2t?

oA7IM A ST 3, 0, = EUE ﬁ“E"]E‘r iy
S C CE LS 2
@)olA =¥ A=
o2 1% D 4 1tk e 2
AR AlAogo]9] o] FAl {:Lﬁﬂ”q ’\”* E—4
ALIZAE Tejslo] ChT} o] HAYEZIS: PRF
(Pulse Repetition Frequency)S ZA7A3}o]oF K Bruce,
1992).

2v,

o714 7= AAofeo] 2
ook

S48 PABE Fig. 49} o] Axjofdlole] ZApE
o ofel A7} A, AU R,,, o) 4RI
Sole ALEZ 4AIBlofof Ak SRR 1= 2R,,,,/eo] 9
S AAER, the WASE AApelel] T BeIAS
sf5p7] Sl FAelolre] SAIALE o)) Also]
of gk 1o WankE i chaat go] Fojzlck

SHAET Alol, L&

K23 M4z 20141 12¢



‘?3(5‘%

Height, h
. scatfers
| @& W arae ®

Swath Width, W

Fig. 4. Elevation and grazing angle of synthetic aperture
array

C

-

min)

PRF < 03 )

max

weba folalolod AR BANEFuE
el 2972 ol5A2l B HeEA AR ol
ke 28 2L WESA Asiolor T,

N 2’Up
L

< PRF <

2[ {n? + (W heot¢)? /2 — h/sing] ©)

714 = T 2o Z}=(grazing angle)o]ch

2.3 gMI7H FF|0HE iﬁi{al
a4 ArkRolA] HhAEl B AN RE e 44
S SJo], 218 S5 1 (1) 41 BEAS 5(0)
o] A7A|AE AH F9l8h7o] e F7]e) MslE 71
A1t

r, () =A,s(t—t,) (6)

SAPIA A, = 2AIAS F7lolu, £, & 4 B g
22 77 niA) 247l BREE Azl Aelat
EE go] e B RS P 2 Qs 24
oI, $418.59) 2ol ol 450 BAEE S0
24 RS 9 4 ok ST 4 AL ou
HEP/\‘E ol XJ] A] 71—501] qu‘ll— __§ C’s]—ZsI %é 7]_
QAT AES Lal] Sla ofa 7AW ETHS
A7) e

oﬁ.

2 2B
A7IM OR= AR, = $A BAE B F
A1z o] WlEZolr}, S/ HAL: F3]|oJHE A|A

@» =05 01458 =21

o2 21 wigAFEe el 4 oEAE ] HAE
HAd 5 st sides A 4= QLo Welsh
L= oS Zi(Istepanian, 2002).

5 L,
R . ®)

7|4 6 = TAZNTFE WA, 0., = WE, L
L 37 Zojolt) BT AT R 9=

sa

3}
EHS N2 T2 9219) AAjeldololx] 24 ST
WAEIS Jsto] RAINZE Akto] Bk, ol 7} 4
AEHE Aol AR Zeie ofgele] S
2 7o) g, o] TuA|7Exjo|E WAl YA
ol 7HA &tk

th =ty + @) (%) ©)

AT O] 2| AIZKA ) fAALESE HAALE

o] AsARIglro] ol3f gho] g7t = A7 E A

Zto g 3t 4= 9lon, ejrtgglef ofgt QJAF 24

Sto]] W2 @7} ZASHA Hrt. Z iAol 2] 424141

T =7 ofgt YAIAE A gste] TR} o]

g 4= Ak
X, (z,,R)=

n?

exp[—jAd(z)] (10)

= oxp| i a2

waba] 7t AoIAle] A5 7t SAoIA BAR 9]
A} AR B B, om NEE 27 $4% 4 ok

Ny+N,/2

E X xn’B (11)

—N./2

o7 X,k AR SAPLE BARE Alzolc). FA4E
R ER LA D B R IS T
20 512 oleiA S H} Ak AL S
o] ok A=) sl ofat Hgsto] WAL, 7
el zxm—:u SR} WES Tele) ZEolof st 11
whEo] g7 sms i) sk



Environment E F " "
, A A A A
Received Matched g‘aIC£ o
Signal Data Filter Raraw’;e Dﬁ.f';:rseit
Generated El:
Noise T

Trajectory
Disturbance |

Phase Summa > Energy 5
Delay K -tion Detection

Fig. 5. Proposed simulator scheme of executed data pro-
cessing and analysis

Display
&

Analysis

z, =x,+Az, (12)

~ NtN/2

En(xn’R) = Z Xn(‘inﬁ)) (13)
Ny—N./2

o714 Ax, & @JRagle] ofst 21 AZWE fdol
2 98 heAIt BE 0xE

mefele] Sgatel] Wk A7) Wske: Aestack
S A S 48 5 el Skl g 5o

ol dold Az 252 T8 WA, 27870 4
et $AA1E0) T %—%ﬁ}#a% ' 4 TR
W 2 2geh 2 A AlkolElelold 4418 Al
= uhg o] ofs) FASIIAI] S EEAio] 2

G 242t g 222 91l W ZEA efel
HAANAZS AR the, AsAR| st 9AAF HAS
AZPHE dole] He] ESelA ek o] Bl
Aol B IS QR & 4= o8], ool B wWE
71e) B A Ale] olofIck of 2SS gl 3
AR B OR QT o5 ZF AhTE AAMIA
oA S AVt S AH o] et oA B
7} ololx]n, Aje] AT HA| FHo R FATL. o)
A SHIE ABEOIEIS AMgalo] % FolrAY o8
Ak ool ofs) Al Y EASe] vhak T4 A
Beflol e Saalglm, olreige] ofst ZRWE Wl
w2 SRR el ARE v dEsle) R
A2A) wle el vlAE JaEAE Sl

e r

3. AlEdojd H nF

axtoilojo] o

49 FeFAARg JA 7hsdt

oF AR BANSESE AESH] fIste] v
I} 22 207 AlEH oS =8stgitt. WA A
Ao Ql= HAS Al /i #A o= 519 Oﬂi, T
o9 E"‘;ﬁ} 2 AN T B, S 40
9 AR & 2 A HSlolA HlojuER o2 —E
askgich

- HA ofglo] AlAg/E40]  107)/1m

- $AAZ Sk 0 50kHz

- "HAE - 100usec

- 4R e : S00kHz

- % A F3 =o] : 100m

- % FRIA| o]F &£ ¢ L5m/sec

- A %A : 37|(Cross Range=100m, Distance=1m,

0.5m)

- W9t E(sz,,) : 20cm

- 24 ol A4 ;60

- A9kA Z(swath width) : 300m

%4l H2Aukge Hann 222bd JEjo] 4155 ARSIGL
ou, 5% LEAE ALER Fol YAARE ofEs)
I, $EA0E W 7HeAIOL A0 WSS Fglon,
o s A Xl ot FH ARSI P FAI
skoick WAl 2 2lo) Ztoll ofgh HepQl=(blind)
A= 57.7m7} HH, A9kA o] w2 427 HIZo
44.4°, H) AAAEE 371.5m, A HAAEE 130.5m
2 AkkEdh AAAZe 9t a4 HARREALS
PRI . =2(371.5—130.5)/1500= 321msecO|2& PRI

E330msecE Agslglon, HdRiEtul: PRE,, +
3.03Hzolt}. H¢] RIS 15| Qe PRF=3
=(2xw,)/L,0|B&, &% v 7} 1.5m/secd ©f Zo| L
= m7t "ok &, L,/ Ly = L,/ (2% 6x,,) =2.50]
02 Fofzl s =5 &7] flaliA 3719 7o s
A28l

Fig, 62 a0l 348 17)1] HEAolA WAtElo]
ok ZAA O BRI AN ARA 7
AARE ZEA P AIREA o] A EabEE o 4
UL, of= Z+ AlAPE AL QPdAL Al sl 5
olof Ht}. Fig. 72 S/NH|7} 15dBS] v|wA of53) 314
oA olefet MIAE HASEe] VN 2A el
OfRt FAHA] Anto|tk 100m 2ol FAF 20|
Fo AvsiA FAES & 4 QlaL, APHE W] 2m

Aol A el st AARY AR s de
ASAT

HM23d mMas 20143 122 @R



track position : X0.1m

tPOO 500 600 700 860
arrived time : 188.4msec for 400, 188.8msec for 800

Fig. 6. Returned raw data from a point target

S
[=]

06
£

S 05
230

£ 0.4
E

FUOVIRREY AT 03
]

8 0.2
510

2 0.1
©

1?00 500 600 700 800
cross range : 99.9m for 400, 101.7m for 800

Fig. 7. Processed data image for a point target

Fig. 83} Fig. 9= 37]2] M= o] tjste] S/Nu| Ha}
of w2 N HAE] AlEH o) st Aatolct. w42
A 100m A& 1m, 0.5m 7HHoZ HAMEo] 9]
AAH R 7 Ao | A At 324 PAfo] A
SHA| Uepdth SNHZE vhbEaeE Ak Bju]sfjA]7]

A2}E, WA 7E-AlQE %%4 24 o3 7} AlA| et
AEAL AR A FRASS W AAET 24
Als= 37 =o] 0dBAlo= e SJusiA ARt 24
< AgstA AEE 47t Qltk Fig. 9= S/NH|7F 22}
15dB, 6dB, 3dB 0dBSl $H7of|A &x]#2]9] 100m |
AolA ] Al o] 1] Aot ol K=
el Zro] S/NH|7} 3dB Hrf Uhkx|d 13 R-2-0] J3F
o7 7} Qe FEo|A AL I =Tt ol
o]— /\ ohq.

T 7H9] 2 30em= MW o] Hsiiie A
= Fig. 10 % Fig. 113 2k AAR] W9federt
20Cmo] =2 dlolg 2] A} fejd 9= & 5 Je
U, SNH|ZE vhkR| e ehx] o de] ik efell et %*0111

> 3:0
of Jﬂ[‘

@D =S 0Nt

=X

along track (azimuth) : X0 1m

0 . . . !
400 500 500 700 500
cross range ;99 9 for 400, 101.7m for 800

(2)

along track (azimuth) : X0.1m

400 a00 00 700 800

cross range ; 99.9m for 400, 101.7m for 800
(b)

Fig. 8. Processed data images for 3 point targets : d=1 m,
0.5 m (a) S/N=15 dB (b) S/N=0 dB

s/n=15dB

""""" s/n=GdB

—-—--5/n=3dB

: : . i o | = ——sin=0dB

i 5 m 15 20 XA 30 B
along track (azimuth) : #0.1m

relative amplitude [dB]

Fig. 9. Amplitudes of data processing results on S/N ratio :
R=100 m, d=1 m, 0.5 m

o2 = 342 HA Hol7| Hrok Fig. 112 HF 1A
tfgk S/NH] WHslo] ot Ae] A2, 3dBE.C} LiH
Y vk A £ A e ofgA] Hrk
Fig. 129} Fig. 132 4% $L014| A A7 5A] A2HE
of w2 PR B3| ol T sl Wl wisk



£

fon

>

=

E

[}

B

e

o

f

Z

et
0 : . n ]
400 500 &00 700 a00

cross range © 99.9m for 400, 101.7m far 800
(a)

I
054"

ne

rmagnitude

024

i}
a0

g 400
along track (azimuth) : ¥0.1m LI3S3 Tande

(b)

Fig. 10. Processed data images for 3 point targets : d=1 m,
0.3 m (a) images (b) magnitudes

0

% 0 | A SO {01 COROE TR 1 0 JOAOC. (S [RRTRTR i
- .
g 20 y \\ % jl’;}ﬂ;
E 2l v
o s/h=1548
E e B s e B e O i e s/m=FdB
: == sin=30B

i | ———ain=0dB

.
=

0 5 m 15 20 2% W F A
alang track (azimuth) : 0. Tm

Fig. 11. Amplitudes of data processing results on S/N ratio :
£=100 m, d=1 m, 0.3 m

2 Ageol gt Axfolet. of F4E AEdolHe 4
2UE BEA s, WEOA AEL 49N B

e e Agslsc
I SN 6aB) o A et B 71
WEE wislo] ojd) S Asolch, JAAR WS
2] A0kl ofs] Aofi 4= Qlosl, W] ¢S

%L
o] Azl vla] HAEst AR LRSS~ Qick

along track (azimuth) : X0.1m

0 m x o ;
400 500 500 700 8OO
cross range ;99 9m for 400, 1017 for 800

(a)

along track {azimuth) : X0.1m

400 500 600 700 800

cross range : 99.5rm for 400, 101.7rm for 800
(b)
40

(4]
[

along track (azimuth) : X0.1m
(=)
[ )

10
0 ; ' y ;
400 500 F00 700 =]
cross range : 95.9m far 400, 101.7m for 500
(©
40

2%}
=

=

along track (azimuth) : X0.1m
]
=

91DD SDID BDID 760 BﬁD
cross range ; 99.9m for 400, 101.7m for 800
(d)
Fig. 12. Processed data images for 3 point targets
(a) del-x=0 (b) del-x=(1/2)pw
(c) del-x=pw (d) del-x=(3/2)pw

M3 mM4s 20144 128 @YD



oy
ne

(=)

relative amplitude [dB]
a 5
-

-0 ------ o -------- """ del-u=pu2
: : : | = dekaspw
: ¢ | == —delxu=3pwi2
A0 i 1 1 1
0 5 m 15 200 XB 31! F 40

along track (azimuth) ; ¥0.1m

Fig. 13. Amplitudes of data processing results on trajectory
disturbance

EA7e] 100m 7)ZoIA] ARWEFO] FAME HAE
18 7 H %}%ﬂ*g&t ul$- LA vl (Fig
12(0)), ARMEO] BAE Hr XA He BAEAHY
I 3205] A 2 Fig. 120) Al 2
L vloh go] Lsul/} E9l E2S 78S & 4 ¢ B
ok Fig. 138 o]ejgh Wst2 wlis) 2 4 glov], A
719] 3dB /12NN 1 ATE ¥ 4 9ol $ABA
Z o)yo) Hzugo] tE Ak WelshEe] o)
o 2 9 0PS¢ 5 Uk

4. 8 E

?lgl_ }\]/\Eﬂoﬂ}\—L/] e 6L/K-17H
Rt ul sl aged e

:TL
Al sl sl ”lilb o2 7W o] djsto]
!
0]

e
¢
Md
o)
>
N e
l‘>
X, ol
—d

o1} £ FAES) 7527 B 2agld] ol
Sl Eick B g T A8

X
o
ﬂ
>

2 ARE Aele] o) Algdelae 3 £ Ak,
%*%B‘H*P = AR} Satstem SN wislol ol

1= oA E| 3EAJAo] & Foix| a1 HFSIAE
gk Foldl muY ZAoN sjofaE
AR BB Azago] $P RARe vxE
AEE WEEo] SAUAES 23 uf Wl EE

wo
%
T.

2 A5 77 Hrh S84 EE BANESIk o
3 AAE T AR 284 0|2 295l EXFEE |

ofAw, WSHFue= PINTHARA B2 HlolE
Aelolle skl HTole HwE ATlede] Fd
S2 Z ARl ofA H3ltk o' o] A4 At
S 7122 sfof Flet Yl 49 £TFIAAH S 3

Sr=AIEY|014E

=X

S

10.

11.

12.

13.

*7H?LE4><%EI°11 ofet BT RA Bx] A
Q0] njxl= wapeo] gt |43

References

. Hayden J. Callow, Michael P. Hayes, and Peter T. Gough,
“Motion-Compensation Improvement for Widebeam, Multiple-
Receiver SAS Systems”, IEEE Journal of Oceanic Eng-
ineering, Vol. 34, pp. 262-268, 20009.

. James A. Winnefeld, Frank Kendall, “Unmanned Systems
Integrated Roadmap FT2013-2038”, Ref. No.: 14-S-0553,
U.S., pp. 1-25, 2013.

. Jose E. Fernandez, James T. Christoff, and Daniel A.
Cook, “Synthetic Aperture Sonar On AUV”, Oceans 2003
MTS/IEEE Conference, pp. 1718- 1722, 2003.

. John E. Piper, Kerry W. Commander, Eric I. Thorsos,
and Kevin L. Williams, “Detection of Buried Targets
Using a Synthetic Aperture Sonar”, IEEE Journal of
Oceanic Engineering, Vol. 27, pp. 495-503, 2002.

. Lapierre Lionel, “Underwater Robots Part I: Current Systems
and Problem Pose”, LIRMM, France, pp. 309-330, 2006.

. Michael P. Bruce, “A Processing requirement and Resolution
Capability Comparison of Side-Scan and Synthetic-Aperture
Sonars”, IEEE Journal of Oceanic Engineering, Vol. 17,
pp. 106-117, 1992.

. Michael P. Hayes, “Synthetic Aperture Sonar: A Review
of Current Status”, IEEE Journal of Oceanic Engineering,
Vol. 34, pp. 207-217, 2009.

. P. T. Gough and D. W. Hawkins, “A Short History of
Synthetic Aperture Sonar”, IEEE Xplore Digital Library,
pp. 618-620, 1998.

. Robert S. H. Istepanian and Milica Stojanovic, “Underwater

Acoustic Digital Signal Processing and Communication

Systems”, Kluwer Academic Publishers, pp. 37-75, 2002.

Roy Edgar Hansen, “Introduction to Synthetic Aperture

Sonar”, www.intechopen.com, pp. 1-25, 2011.

Roy Edgar Hansen and Sean Chapman, “Signal Processing

for AUV based Interferometric Synthetic Aperture Sonar”,

IEEE Xplore Digital Library, pp. 2438-2444, 2003.

Sergio Rui Silva, Sergio Cunha, Anibal Matos and Nuno

Cruz, “Sub-Band Processing of Synthetic Aperture Sonar

Data”, Priceeding of the OCEANS 2008 MTS/IEEE Con-

ference, pp.1-8, 2008.

W. E. Landay III, M. A. LeFever, R. A. Spicer, R. M.

Levitre, and S. J. Tomaszeski, “The Navy Unmanned

Undersea Vehicle(UUV) Master Plan”, pp. 1-53, 2004.



55 SaiREALIl o3t sF A3SH BS BXI 45 0¥ |

I
#d 8 o (bikim@pknu.ackr)

1981 Zsojsti AAesta st
| 1985 ARdskn AAEE A}
2001 ARt Axgslt vl
1985~2013 =atstdta AATY
2013~ sk Felag AR AT EDY) s

ol : sead, Ay, sEERAlER, seede

M3 mM4s 20144 128 @TD




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




