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Four-beam Echo Sounder System for in Situ Measurement of
Position and Target Strength of Individual Fish

Kohji Irpa* and Tsuneyoshi Suzukr*

Abstract

This paper describes a technique and implementation of the cross axis Four-beam echo
sounder system to measure the position and the target strength of free swimming individual
fish +n situ. This technique is also applicable both for monitoring fish behavior under
drifting conditions and to define spatial distribution of fish widely along the cruise and the
target strength.

The technique described here uses a traditional transducer for transmission and four
independent transducers for reception. Receiving transducers have no side-lobes which cross
the Forward (F), Backward (B), Right (R) and Left (L) sound axes, respectively. Two
perpendicular angles of the echo can be determined by the echo level ratio between F-B pairs
and R-L pairs.

Consequently, the fish position can be calculated from these two angles and the echo
delay and the target strength can be estimated from the echo level of any transducer by
removing the beam pattern factor.

Field experiments were conducted in Lake Kuttara, many individual echoes of kokanee
as typical echo patterns of each beam were recorded and identified. These data were
analyzed and presented as 3-dimensional forms simultaneously with target strength.
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Fig. 1.
individual fish. The target coordinates,
V, H, J are calculated by measuring the
two perpendicular angles 8, ¢ and the
distance L between ship and target.

Principles of measuring the position of
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Fig. 2. Bearing measurement by the cross axis
beam pair. The directivity function ratio
of the two receiving transducers bp/bg is
proportional to the direction of the echo.
by : beam pattern of the transmitting
transducer.
bg, bs : beam pattern of the receiving trans-
ducer (Forward and Backward).
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Fig. 4. Beam pattern of the cross axis four-
beam transducer. Individual tranducers
are identical in axi-symmetry and no side-
lobes.
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Fig. 5. Beam pattern analysis of the receiving
transducer pair (F and B). b;/by indicates
the straight line with 1dB/deg as a slope.
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Fig. 7. Waveforms of echoes from a steel ball
demonstrating the TVG processing.
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Fig. 6. Block diagram of the Four-beam echo
sounder system. TVG: time varied gain
amplifier, DET : envelope detector, A/D:
analog to digital converter

71—V F R T— SR

AARDOHEDEL KR T2, 1986 FE 9 AR L 011 BredtidE LR ek WCRMcE
BI5e A= ADORMERPTV, AOMNEHH, BXTL -5y A ML V7 AD m situ {ETE
R, RBUAFRBICL A A = 2ADREHTH 5, EnDIAFIHE— 2 (F), FHe—
& (B), HHE— 2 (R), EFie—4 (L) Thd, AR 2HE{LERET > T Bkd, WTh
H40m LB 1 AV R =R 7 BRTWAD, ThAFhORFILAD a2 — 2 - v Ok
EABER TS, FiziE, FEBRENTRLEE, FTRBEALD=2—BNEENRY D5 —
YIS TWADR L, BTRETHA TR THSD, ZhZFIHE— L2 TRECRIESED
OHHEEFR, BHE—a2THEhO>obB LER, BRAIKAZEERLTVD, 10, A5
E— b b EHE -2 TRADHMIKIG L TC=2 - DI BRI D, Al EBBIEHEINER
E— AT, LY—2TtREhIDBC-»ELX TS BFAMIRiR,

K98 ofRFEIEALTIDERLELDTHE, FLBODADZ 2 — 2 -V X%

— 379 —



bk 7k #E O 38(4), 1987.

Fig. 8. Comparison of the echograms obtained by four beams (binary display).
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Fig.9. Enlarged echograms obtained by four beams (3-dimensional display)
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Fig. 12. Analysis of the echo obtained by a Fig. 14. Spatial expression of fish distribution
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plots is characteristic of a veering ship. 12).
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