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ABSTRACT: In sonar systems, the passive ranging of a target is an active research area. This paper analyzed the
performance of passive ranging based on an array invariant method for different environmental and sonar
parameters. The array invariant developed for source range estimation in shallow water. The advantages of this
method are that detailed environmental information is not required, and the real-time ranging is possible since the
computational burden is very small. Simulation was performed to verify the algorithm. And this method is applied
to sea-going experimental data in 2013 near Jinhae port. This study shows the performance of ranging for source
orientation, transmission signal length, and length of a receiver through numerical simulation experiments. Also,
the results using nested array and uniform line arrays are compared.

Keywords: Array invariant, Range estimation, Horizontal nested array, Beam-time intensity pattern
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Table 1. Design frequency of 21-element horizontal
line array.

Design frequency | Sensor interval | Array length
(Hz) (cm) (m)

Bandl 100~200 750 60
Band2 200~400 375 30
Band3 400~800 187.5 15
Band4 800~1600 93.75 7.5

Total

Band1

Band 2

Band 3 eoo0o0co0000

Band 4 CUOOCO000

Fig. 3. Configuration of horizontal line array.
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Table 3. Result of source range estimation of expe-

rimental results.
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Fig. 5. Beam-time intensity pattern of experimental data, (a) case 1, (b) case 2.
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Table 4. Result of source range estimation according
to the source orientation.
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Table 5. Result of range estimation according to the
transmission signal length.

Bearing angle (°) |Estimated range (m)|  Error rate (%) signal length (s) |Estimated range (m)|  Error rate (%)
0 - - 0.01 1084.8 8.5
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Fig. 8. Beam-time intensity pattern, (a) broadside (0°), (b) endfire (90°).

IR YFoIIX] H|38W H2% (2019)



7 W2 o] g3 i T 7] S A 4 A B 237

150 ;
20 il
5 -f-
100 21 -
c 210 )
= A
ugJ s0t 2 Ny
o l
5 i
o "
A "1
0 . . 0 AL L L A
0 0.05 0.1 0.15 0.2 0.6 0.7 0.8 0.9 1
Length of source signal (s) Relative time (s)
Fig. 9. Error rate of range estimation according to the Fig. 10. Channel Impulse response.
transmission signal length.
______ ! YT
20 Ay ——
wwﬂ‘* “u.r*u 1
3]
0 15 i/ —
I y -
S ————
- S —
210 sttt
c
(=S — S—
= R s —rsnsara————
] i)
5———— / —
l ]
‘ 0 : —
0.9 1 0.6 0.7 0.8 0.9 1
Relative time (s) Relative time (s)

(a) (b)
Fig. 11. Received signal, (a) 0.01 s, (b) 0.2 s.

2 34 A5 Belth Al 7 doj A o 50] A Table 6. Result of source range estimation according

ShE| 2lole UoTE AT} Frelo] 9T}, Fig. 10 to the length of a receiver.

& B 2ol A A3 HEA olek. ol Fig. Aray length (m) | Ptimated ange ()] Brrorrate (%)

112] $41 A52] Zo]7H001 591 Z$-2] 241 A& o s 5

S} v - GAFSFAIEE 414152 0] 740259 uje = e =

€ O A%s Bk vl g A2 Al Al 75 1059.7 6.0

Uehte AE-ed54= o83l A=lE +4sk= 3.75 1065.5 6.6

g <S4l Aleo] o7t dojAd T4 = J3]

ofsf A7t SH =7 2ol AlAZo A HE-s A1719] doje} A 72 740 7R ek o
S/3< vhE uhofd 4= gtk uhehA Hid S Tk Zo] 60 me] 79~ 7 7HA 0] W2 band 12 <54l

718ke) A7) 34 AE A ALE 2 Ao ARkt 7 A1 %.0] Zrubaof g3 w0 4F2] AllA] 714 o] &

ojgt e k. o] & =537 | Hlaf Al Aol A A AstE R m S-S YA whebA thE A9l

4SH58E 7%k ol 8tk vlgl] oFt O g2 eaf Hole Zl o= et

4.3 & HiEe| Zolofl E H2| =¥ ds 4.4 HIAE|= HiED} FY MHISE(Uniform line
HAE = Hjd o) Zojof mhE A ElE ARt & array)2| 72| £ 45 Hlu

SN 2 792 Al A= F Dk Aol et T Au g o] &5to] 2-910] Hhozk 2] Al

w2 Hol& zk=tt 77] 574 B 3= Table 63} L. 59] o], Zo]o] M A 7] 24 o B

The Journal of the Acoustical Society of Korea Vol.38, No.2 (2019)



238

Table 7. Result of range estimation according to the
source orientation.

Bearing angle (°) |Estimated range (m)| Error rate (%)
0 - -
90 1016.1 1.6

Table 8. Result of range estimation according to the
transmission signal length.

signal length (s) |Estimated range (m)|  Error rate (%)

0.01 1045.8 4.6

0.20 2166.7 116.7

Table 9. Result of range estimation according to the
length of a receiver.

Array length (m) |Estimated range (m)|  Error rate (%)
60 1045.8 4.6
30 1060.0 6.0
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3.75 1064.8 6.5
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