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Abstract

In this paper, we propose the passive sonar signal processing technique for estimating target information using
proximity sensor. This algorithm is performed by single sensor which is constituted underwater sensor network and has a
hierarchical structure. The estimated parameter is the velocity, the depth, the distance and bearing at CPA situations and
we can improve the accuracy of signal processing techniques through having a hierarchical structure. We verify the
performance of the proposed method by computer simulation and then we check the result that 20% error can be occurred
in maximum detectable range. We also confirm that proposed method has the reliability in the actual sea environment
through the sea experiment.
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Fig. 1. Hierarchical signal processing architecture.
g o A3 F4F 5 A d
1. CPA EX|
T, AM 2E5E st 149 CPA ©A= £49
WA el Fhkel gt dolA e 48e e Aol
o 2 =rodlAE olE fl3l T4 F(median) BA71E
ol gttt Fzt Bx7)= WA W= WA
FaoA 14 SFNTE FAS] S JEESloH
ol9} -2 FAAM Aeldt ¥4 Aes AlTsy thek
& AN BN EANEE BAT S QU
2. BHO| £E2f CPA AE|l FF
#A9] $29 CPA A2ls 4] gaxe 27
T 7HA AlEA e GAE AR ok st A WA dA=
xEbd CPA 7Ho® Ao AlMe| thrtea Hold
o HASHE A 2159 o] WEkE o] 835t 1A
o] &% (v)ek Ag(d)e vl(r=d/v)2t CPA AlZHt,) <
FAskE 7ot & wia dAl= F34 CPA 71
or gAol AN HIegrzt Wold w wAsh:
G4 2ze] F34 wolel ¥etd CPAR de r}
tyE o183 ATHo do 08 FHst 7o’
T EA ] WA then Weld w MAlsh:
2359 oA ®sh= o A (D3 o] Rdy o
ol W pi= FA YH2, = S FE, 5 &
Tto] Z7] WAL oA, RS A, de= CPA A, ve

&%, 4,3 CPA 7S 9ulsit,

pesy
= ocC
2 d
47 R (_)2
v

+(t—t,)? oY



176

[e)
A

2 (D9 |
Epdeh 540 o)
8}'% 7"3"]' to%/{-% j&%‘

A g

r t,, tol

)

ot

. F3% CPAE 533
H7F 4o w s

=
T A o] HALE

Ao

LFERTE.
a7 29 7} A AHYE YA B =idA A
7IMES e 2k 9 4l

Fourier Transform)stal 853k =34

Aatslz] 918 S2PM(Split-Window Two  Pass

Mean) 7|5 283ttt o] F Aqrstd Fop4 J o

Al B (Tonal) &

1

.

gA5ta gAE BEYS Ate] &
of we} ZvHKalman) BEE o]-&3te] F2 gttt &4
FEC e B 4RSS FHOoRRE YA A
AAE 74 AR EdE ddsln gHozre
AR A= AES o83 ot dE FY
th E40] A then Hoeld we Fus sl
© v A Q) o] REgHY fi= A o] WA
= Fu5E ova
el B 3
C Z=m%siM )
2
SR
( Tonal EHX] )
C =D
d, o
8 2. Fas CPA =AMk
Fig. 2. Flowchart of Frequency CPA.

(1000)

oy
ox

ok

v (t—t,)
c d2—112(15—750)2

fe=fo|l—

(4)

argmin

* %
v, fo

"
oA

(<)
E5)

o
offi fu
4
i
ol
N
>
i,

oF | AH HA}
Al el =218

Ll

2
fol
rlr

3

lo rz

A 2 o) e S
B
o

of
2L
rir
K



20154 58 MX3E ==X M52 M55 177
Journal of The Institute of Electronics and Information Engineers Vol.52, NO.5, May 2015

A AT A~EH BMow IE 7153 A= 7F mmnamatenumswim
NZHEAA ATE 0|88 A AR=cATY FAE o Wal | B S hose @ chamel iter | uﬁﬂﬂfé ch]ltr{etic
iiter Mode! odel i natl ata
gstol Axshe Wbkl Abole AEAE F¥ & 9
o ARAE Feld A (6)S ol &d 4a4Y ¥4S St Aot s Scenario
o 7} gvlEE FAY 7 JARE o= B A WoN — ﬁﬁ.ﬂ%;"d?,‘.?g:
&0 o A3 w3 2 2AE /R A A o
TH AEAE T3 AL d, 0, F olEF £H
=212 § . . J8 3 AMSEM SME
Zol 24 i ve 4 (0L olgsel A4 FHT o O M |
i} Fig. 3. Flow chart of the signal synthesis.
otk o] Wl R (t)E A Ame A=A Rt)E Surface
Ae 7de A=22ks yepdey, o TTTTgmym T A
h
T ! v v
~ argman = * * i ————— -
R ROV A @ Soirce
t=0 |
|
|
FAE 149 Zo] HHE T 149 IAE ] o
ehil7] 918 ALeE Buk ohel A4 gAE EAH o) H
5o HAHUAA $Ue) BAAAG Aol £F = _-~"" Bottom
A &2 A QARE Folv £EEE AR T ok =
Sensor
a2l 4. ASEAM AL
TEXNO| HFO[ZF =X . . . .
4. g8 |zt =F Fig. 4. Scenario of the signal synthesis.
DIFAR WM& AWy sfol =& A4 sol= .
2 ohY Fakse] AuE olgstel 4% g © 0 e |
= 57 = ) 0 100 200 300 400 500 600 700 800 900 1000
g 5 x40 s 24 - At DIFAR A4 time [sec]
ZHE WS FA4T e B 7HE o x 2
0
2 EolAe EYEY A AEEe HlE ol &8l -20 ' ' : ‘ ‘ : ' ‘ :
_ 0 100 200 300 400 500 600 700 800 900 1000
S FASE WS ol g tme e
50 T T T T T T
Y 0‘l e camu “
m A s 0% 100 200 300 400 500 600 700 800 800 1000
time [sec]
| o35 =
| mous O 5 DIFAR MMl S3A &3
Fig. 5. Acoustic sensor output of DIFAR sensor.
7b MERd e AEe A w2 Tk s aste] Ad
2 o=woA AgteE ¥ A ATES $E 4dHE 33t o] & =&Y A =E ALtet]
DIFAR AlA9] 7} A% ==& s Az 34 2o s YAEHY (resampling)stal AlE A A AN E
& Fupgdels Fshe W] Fdo] gojat  dalEth AEAom Fu 25 wAT FE AEE
than g A oy Alse] RS aEstr] 9 gstel 3 AEE At o 19 45 st
AZE dYollA FAge x4 AlseE a9 33 2o FAE = AvgeEs yehie Iy b5 A
B Aset Aoy AN E 7 g DIFAR AlA ] &34 &2 olt} d& 100, 20yds, v
F4 Alse] e WA TReARE 35 (White = 8kts, he 2yds, HE 44yds, SNR<S 15dBo| 1 %
Gaussian Noise)S FA ¢ Fy= 2de yehls 4 Ao WAlskE gulY A&+ 10, 50, 100, 300, 500 Hz
HE T3 A7) dotes B AES driste] A3 olty, 19 5 oA FE DIFAR AA9 FA&d Al
th. ZE mde dFgd wsk s|HPe ol gsiv A A, A e A AN, -5 e 2 AlA €]

(1001)



of — w oot WS W g TR R R " o7 M N
ok Zlw | M&ﬂ% @_Zrmu%mﬂpmge%u%frz"_mﬂfr.%Ham?
RO = NN e ! ~ A i o T K
X & 2o TPy TN EHEETRIRILBTETE A
SIS RS e A Rl RO XA s N X X of T L N & w0 OER
— S e T A o = Ry B | S ) - NN = [T < - = 7 OoNE .
A=A s o — N & T o= B oy B R AL R 2T
= =8 = B ‘_t_,Tﬂmeﬂx% T o8O X W & O W N B oh g
3 . S R w5 mm_lﬂlﬂ% i ‘m_ﬂn_rhl T ﬂwﬂmudﬂﬂ & o T Klo
(@) @» o . ™oer =h P o—x %0 — 2 _ S gr o 8= B -
7 2 22 TR T T oo LR RE UM Dok 2y © o R
288 258 xR gnrladllEfd LT e ogHa ke Tow g
|| _u._,ldAv ﬂmﬂﬂou%ﬂmﬂ;ﬁ;ﬂoﬁlmmwtmg W@%w_ﬁ_ﬂﬂ%q,@aq% )
f —_— =0 | Z - = = -
e T o< Hoo N ~ HL M o e HL oy o XX ﬁ]../l N o Mo ™ = R o
g |z £ |3 =B d kDT "RomHbuiET34E w
B 2o B |2 T O Moz oy s o ey O .ﬂr.ﬂ%CAﬂ
= = = | N | A3 o= > m m ‘_uﬁrvﬂ _ N~ ﬂ = E#E - E#a To .:L — X . o . o
WE | = LE DRSS D SRR T AT X H ° of M wop 4
U5 mu.qw s oy 3X ~PEH T Ty TR B a < mﬁ o = =)
WS |5 5 o oos NN B ooy oo NN K9 2 g B 5
d= Blolo| o= 3 = Tom R Mo gy W R o W oy S x%i i
2 s EIEIE| €3 |- S T A Ko O T o T I NI A I
2 o & | 28 |2 tEFHATER e epr¥ra el Pesdone 3
ke 5| 00|00 ﬂm«mnx_@mHi@@ﬂ%ﬂ%@ﬂ%%@%@z%Mi <0
o | £ Nl e L R AT e i i R T B I S
2 o | Z|oo|w o AN I S RS R Py g T W B .
RO 5 |3 5 T MR M S T o Kook E WL R E WA T T
T B S S < oS % TS O RN T KA NPT = Ry
=+
&
A
sl BRSS9 X E S wOW Moo
o AR T OW T L -y
% o) L %) :
© N oo oo T T {ﬂ%%ﬂ % <
w Tw LW ok B o w P T ue g3 2
3 No = & oo = U v B gy W oy =3
3 Gl o g B _ .
i W e s S Ao 18
rJ oju w pr o) X Im O iy O !
Josgp®yw ST mw -
o2 TR g _ﬂu Tooy WOB AL W 18 .
g BT oo kg Ao 5
PEEA DT wmg T W g g¢ ©
7mm4ﬁd.§r@%ﬂﬂn%&mu SR
4 E23TEIEE L5603 : B3
o o ~ o~ = o ~3) TN AR ol M M 5
ﬁ_:oﬂ,_ﬂ;l ﬂ%%aﬁﬂ?mﬂaﬁﬂ 8 O
me Tom Tl oo B we@z.nsnnﬁ * e
F R Ham e Mo T . w3
WS Egr  REw KR o G 8 M S L
T O gRAE L0 I g W et e e e 2 3 5 8 3 3 3
w2 T o X° o1 — T < oy S ¢ ¢ 5 © © & o o & &S 3 2 2 2
o#a o m ﬂvﬂ 1ﬂ_ﬂﬂ uN‘_ X ‘olx_ @ Aﬁr apnjubew pazijeulou [2H] Asuanbay
- G N e W I e W N =)
= Ay Mo o WD T e AR W M T

oM 7

Ls

3k 7o) AAl Sl

)

ol Ak

time [sec)
(1002)

7. Result of tonal tracking in frequency CPA.
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