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Separation of Spectrally Overlapped Broadband Acoustic Scattering
Signals from Japanese Needlefish Hypohamphus sajori Using the

Fractional Fourier Transform

Dae-Jae Lee*

Division of Marine Production System Management, Pukyong National University, Busan 48513, Republic of Korea

The separation of spectrally overlapped broadband echo signals from free-swimming Japanese needlefish Hypo-
hamphus sajori using the fractional Fourier transform (FrFT) was investigated. The broadband echo signals were
measured over frequency ranges of 40—80 and 110-220 kHz. The overlapped echo signals were separated after elimi-
nating noise signals in the smoothed pseudo-Wigner-Ville distribution domain. The echo signal from a 40 mm WC
sphere suspended just below a chirp transducer was used to calibrate the broadband of the chirp echo sounder and
estimate the frequency dependence of target strength for the separated echo signals. The experimental results show
that the proposed FrFT method can analyze the time-frequency image of broadband echo signals from free-swimming
individual fish effectively and can be used as a quantitative tool for extracting the acoustic features used for fish spe-

cies identification.

Keywords: Broadband echoes, Time-frequency filtering technique, Hypohamphus sajori target strength, Signal sepa-

ration, Image denoising
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o @RI N ST ol 31o] ofHAEO] o} F S AsHe
Ao o9 olele 2AIZe] sttoltt. of uhiel B A
2 oj £A 9] F=ufof tfgl echogram@] sfE] © 2HE o]F:
o] EXA o] AHAHE &3] (Robotham et al., 2010),
Ei, w9 e Fu4E o] §3ko] ofio e o] Rl
& ZAaho 2 YAol 22 Astel AT Salstel gt

(Stanton et al., 2010; Stanton et al., 2012). Z|Loll= 2 A|o] ¥
Aol A o] 0 F0] Zof JAo] 2 RY FEIE AIX-F
Tk oju|x] sl 9] IFAIF Y BAS Bl o] AMEst

£ A7 S v} 9Uri(Lee, 2016). YN0 ol BB R
2E|9] 2 echo ATt olAle] G T, v A2

A, g, 5944 S0l 7105k B
e s el S0 7]215t0] o)
L &5 Hs gtk (Foote, 1980; Clay and Horne, 1994;
Fassler et al., 2009; Neese et al., 2009; Lee, 2015b). o] wj&
of| Aol A +E== w9 o]EA =0l ek echo AT 25
H o]F 170 EAA AERJIAE F55k= dloll= oFA
gEjojof & g FAEo] Qlt WA, ofF 7] AEA R
£ 47] el 7Heet 3 Wl Fubas tf ool A 53FshA] A

= S| flg B ofde A A"lo] B a3lh(Lee,
2014,2018; Leeetal.,2014,2015). 0|2} 22 4t & oL EHA]
A 2E]E o] g-8to] th=o] 7 ofofl thgt echo 41 TE AT
O 82 E5H, 221, B, 32 9] AJXF-F=uk echo oW A
e S 258 = Qlrk. whebA, o] 5 ofu]x] el tigt vo]
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B Ho] A5 AHYeE 5, Al ol o3t ek Faf m|A 9
ojFAERRH 55 A7k echo o] X]of] thgt A
d& HsHA, 'HA| o] 7] o2 AT = Uth(Lee, 20154,
2016; Lee et al., 2016). ZL2{L}, AA| Q] o] & & A}of| QlojA|=
chirp (compressed high intensity radar pulse) o]t R| A| 2 E]
o tf e Fo] W& vhE o5 XLQQJ =Slo] F7tstaL, R, 2t
Tk T o] t gt echo A1 3 4F & 7tof] 7Hd o] Ay gtTt. 3H%
ol A ThEEO] oA=L U fi FH | & Pt
Sh= 540l Sict whEbA, 2 H Jlof _’0—4 E@Zﬂ?l%?‘bm
AEE EYR oFE Al Aol o2 @Al 5
E|&= o]t echo Al & 2 HLE] 7H7<ﬂ°1 o] Al Enke 2yt
Aoz FE17] 915 71WH ] 7ol B asit). =, of3t echo
A% ol |0} Q= F3/d4:-9] denoising 7|1} 74| o]
Ao/ 2o 5719 9| 7ido] s

2 Aol A= At FFoA FHYE Ao Al4eh= o
S| ojF o B HE 53 F Y echo A3 E o r E4
A} 3E2]of| ®H3H(fractional Fourier transform, FrFT)2 o]-8-3}
of FSAE= AlATE 5, o3 echo A12.9] ’\]7}-—r—ﬂr’\ ofn]
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JEe Ho| 235

i[fo]

SRV

MBI 74 %
& A7t 20164 14 3 2] FAb Tt ol A Lee
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FIFT o] §:3}0] o] echo A5 40 E<1E]0] iz 2241
S5 AlAR 2, o]F ol echo Al 2RE] Z} A of o] TRl
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Fig. 1. Diagram illustrating the separation of spectrally overlapped broadband acoustic scattering signals and the TF image denoising using
the FrFT. The echo signals from each individual fish were extracted by rotating the SPWVD image of two overlapped chirp echo signals by
the angle a,, using the FrFT. TF, time-frequency; FrFT, fractional Fourier transform; SPWVD, smoothed pseudo-Wigner-Ville distribution.
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if e # N, N is integer

Fe(uy=4  f(u),
if @=2Nz, N is integer

f(_u)s
L if a=(2N+1)x, N is integer

o o) Aojwch(Namias, 1980; Ozaktas and Mendlovic,
1993; Xia, 1996; Narayanan and Prabhu, 2003). &7| A, a2} p
Atololli= p=2a/n 8] A7} ARt FIFT71-S Fejof ¥
aho] kgl o 2], 3)Aol that Fiw)e] azbs H4ail Al
Srof what (1)4] 9] SEe]of] Heke] Fub4= Golut, (2)4]9] Al
7 9o} o] o] QJe]o] = 4:5}4] 9= fractional %]tz o
UIA1% @& 4 ook weha, o] 7]4E o] &8 chirp echo
oju|z] o] E&st= HdiS Ao = A|AT 4= Q)
1, 3, 2 A1) echo BT FH O Hel, 23
a4 9l 3 Aol A FAFT 7141 B8] oful ) sjeiabo]
UebR 288 A AR T, ol echo A5 23] 7)o}
of oju|x] TjelS Belalct. Eah, o5 ATE ko v
AZPEe) 2515 o 24 S3} 28 ol BAMANE B 23
shelct.

5ol w3z ol O EHEE chirp A4S 7 Al o,
7+ A o) 25 AAE chirp echo A1F = A7 9 Sl o

oA Mz B Bl A TH e AX A EL, o5 Al
T= T Bl ol S E o] Al E T o] 2o oo
38} 553 chirp echo ALEEHE 7t ol SRS TASHE 7
A ofoll gt echo 1S 2, Ak ] ffeliA = siis-of &
A ZE HA A AGIAOF St o] W, FEA1E7F AlAE of
2] th echo A1 & (multiple echo signal)y= Z+ 7 A]0] 2] A%
do] AR Y ke G0 A Az S Hof Sl WAIE Al
b Foute, B, Fukg gAY QY TERAE ol
echo J&-& A& &2, A8 o Qlek. whehA, A7k Sl
O]+ F Aol A 28 7hs 3t BE ™ 7ol Haghy, &
A FIFT7H S o] 83t ARE-Fule TE ) S Al 88 7&
= 58310 o] AIE AT oI5 fI8ll WA, FFT 7|
= ARgSE] Al o|u| A S AR &, Bs, Uk SO
tiste] of® ZHm 2 SAIA F 5 Afo] o] FH oz FYAI
ch. o, oA} FrF T ARt &, s, Tk o] gk o] | A &
HEA[A] o2 o W 3147 | Mol al, -o2} FiFT+= o
A} FIFTS] o Mgh 2, 9hAl A ko 2 gk oju] 2| oAl
AA FFe 2 o W 3] XA 7] = HEko|tHLohmann, 1993).
5R WaRlRo| 27

B Lo A= chirp &4 A]AE]2] FPGA X-E(Spartan-3E
FPGA 1200K; Xilinx, San Jose, CA, USA)2 53] (44122
7Y%= chirp B4 TS WA B SHAA chirp &5}
of 333t T Cowell and Freear, 2010).
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o] Ao 4] 2at+1£, = <=7t FI4(instantaneous frequency)©]
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Fig. 2. Scattered individuals and aggregations of Japanese needle-
fish Hypohamphus sajori freely swimming just below the broad-
band transducer of chirp sonar system. The LED underwater light
was used to attract fish just below the chirp transducer, and the
pole and line fishing was conducted to catch the fish swimming in
shoals. LED, light emitting diode.



Fig. 3. A photograph of the Japanese needlefishes Hypohamphus
sajori, that has a very unique figure because their chin is longer
than their nose, caught with pole and line in the water column near
the surface just below the chirp transducer.
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Fig. 4. Depth dependence of the broadband eco signal from a 40
mm WC sphere suspended just below the transducer to provide the
real-time calibration of the backscattered echoes from free-swim-
ming needlefish. WC, tungsten carbide.
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Fig. 5. a, TF image of the broadband echo signal, but overlaps perfectly the noise signal in the frequency domain, from a 40 mm WC sphere
suspended just below the chirp transducer operating over the range of 110-220 kHz. b, TF image before denoising rotated by 22.5° in the
clockwise direction using FrFT such that their frequency components for echo and noise signals do not overlap in the frequency domain. c,
TF image after denoising. d, Reconstructed TF image of the echo signal rotated by 22.5° in the counterclockwise direction using FrFT after
denoising. TF, time-frequency; WC, tungsten carbide; FrFT, fractional Fourier transform.
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FrFT after denoising with a rotation angle of 42.5° such that their
frequency components for echo and noise signals do not overlap in
the frequency domain. TF, time-frequency; WC, tungsten carbide;
FrFT, fractional Fourier transform.
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Fig. 7. Separation of two spectrally overlapped broadband echo signals from free-swimming Japanese needlefish Hypohamphus sajori mea-
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component of the first echo signal. d, TF image for the separated component of the second echo signal. FrFT, fractional Fourier transform;
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Fig. 9. Separation of two spectrally overlapped broadband echo signals from free-swimming Japanese needlefish Hypohamphus sajori
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Fig. 12. TF images of the broadband echo signal from an aggrega-
tion of free-swimming Japanese needlefish Hypohamphus sajori
before removed (a) and after removed (b) the noise by doing the
time-frequency filtering using FrFT. The TF image show that it is
not possible to separate and resolve the echo signals of individuals
if the fishes are closely spaced inside the aggregation. TF, time-
frequency; FrFT, fractional Fourier transform.
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