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Distance estimation of underwater maneuvering target using adaptive threshold detection
Min-Su Han'
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Abstract: In underwater weapon systems, the accurate real-time distance tracking between the maneuvering target and measuring
devices in shallow and deep waters is required for the quantitative test evaluation in underwater radiation noise. Passive and
active SONAR systems exist as target recognition methods. In this study, ToA (time of arrival), which is one of the active
SONAR systems, is applied to calculate the time difference between the transmitted and received signals accurately
synchronized. To obtain the accurate ToA with minimum computation in comparison with the DFB (Doppler filter bank), we
combine the result of the CDS (constant-fraction discriminator system) based on ATD (adaptive threshold detection) in the time
domain and CZT (Chirp Z transform) based on TD (threshold detection) in the frequency domain. The validity of the proposed
estimation scheme is confirmed by the underwater sea trial and analyzed using the GPS (global positioning system) and DFB
tracking system.
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Figure 1: Geometrical view of underwater radiation noise

test of the target in sea
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Figure 9: Compare spectrum STFT and CZT

ATD 7|%2} CZT 7|¥e] oz FAg Xﬂ%% 719
o] AAIZE A2l 58 AL I3 Table 17} 2] 25 A
4 F sdzdA 100 FEFA Akt Zé_‘ﬂr = A
Ao 0.19%2 FelF Q). gl 7]Ee ATD 7|H 2
DFB 713} AXAL vl 23 Figure 103 74t}

350 , , , :
Il Conventional method

I Proposed method

[ DFB method (number of filterbnak 20, 40, 60, 80, 100)

300

| | |
N

N
a
=}

|
L
|
|
|
+

200

o
S

Calculation amound ref. ATD
=]
o

[$]
S

PM DFB20 DFB40 DFB60 DFB80 DFB 100
Method of underwater tracking

Figure 10: Compare calculation amount of tracking method

At 712 712 ATD 7R o] <F 1362} Alikeko]
g9l F¢la 23 g 7]Hke] DFB 7192 100712 DFB +
A Al 71E9] Z1HUE] ZH O 24u)2] AlskeFo] Bl F AT

B AFE Aok Vg A gls A Hae) 2 A
a =79 7 AGelA AAHA A HA AP oA
= Aol A AljtE 7IHe] des Slsty] Sl A
T EAAl AH 5 A Table 13 o] AA= AT} A8
H] 42 Figure 117} 2rom, A3 Ajz} o dx22 7n
o] 718 A= 7] @ FalVE JFsA 578 g
F FA7 e B2 uAsla o HE el vjgol o
Ak =2 7559 He).

473



70 . . .
\ | - - - GPS distance |
657“\\\?7777:77777DFBdistance T
60 -\ ] ATDdistance | _ _ _ _! _ /|
\ : | | | /
Cegl o N )]
s N T
Q 50 ------ b N do--- - B S
% AN I I / |
a5 A N LA
o, N\ s
0 7777777 [ N T T T T T T T
| N | ¢
S e N
Figure 11: Experimental equipment for target tracking 30 l LS l
100 120 140 160 180
Time [secl
Table 1: Parameters for first experimental environments Figure 12: Result of distance estimation about DGPS, DFB
Parameter Value Unit and proposed method at shallow water
Water depth 30~40 m
Table 2: Result of correlation coefficient and CPA distance
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Figure 13: Geometrical view of target tracks in deep sea
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Figure 14: Result of distance estimation about DGPS, DFB

and proposed method at deep water

Table 4: Result of correlation coefficient and CPA distance
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