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Performance Characteristics of a 50-kHz Split-beam Data Acquisition
and Processing System

Dae-Jae Lee*

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

The directivity characteristics of acoustic transducers for conventional single-beam echo sounders considerably limit
the detection of fish-size information in acoustic field surveys. To overcome this limitation, using the split-aperture
technique to estimate the direction of arrival of single-echo signals from individual fish distributed within the sound
beam represents the most reliable method for fish-size classification. For this purpose, we design and develop a
split-beam data acquisition and processing system to obtain fish-size information in conjunction with a 50-kHz sin-
gle-beam echo sounder. This split-beam data acquisition and processing system consists of a notebook PC, a field-
programmable gate array board, an external single-transmitter module with a matching network, and four-channel
receiver modules operating at a frequency of 50-kHz. The functionality of the developed split-beam data processor is
tested and evaluated. Acoustic measurements in an experimental water tank showed that the developed data acquisi-
tion and processing system can be used as a fish-sizing echo sounder to estimate the size distribution of individual
fish, although an external single-transmitter module with a matching network is required.
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2] FA = o] 2l= 50 kHz9| single beam O EHA] 7] of] H5A]
A e ol NSt AT YR AYREES
AP Slat ol A 2Ee AP0 TEs gt of
7] 4= FPGA (field-programmable gate array) X-&(Digilent,
2011; Lee, 2018)-2 AFg-31o] split beam echo H|o]E] =2 4l
A 2] A"l A, kL, o] AlAEle] e EdE HE A

o B7h BT At thste] Barsiet,
THE U

Split beam IO & H 2| AJAHS| 47

B A-pol| A AA|, 7S split beam o€ =5 U X A]
2819 A5 Al e= Fig. 13 2tk & d5-o A= FPGA &
E(Digilent, 2011)2 AR5} split beam H|o]E] 4= W A
2] Al2"ls AA, sk, o771l AHERE FPGA 2
2 Nexys 2 board (Spartan-3E FPGA 1200K; Xilinx, San
Jose, CA, USA)o|tH(Lee, 2018). ©] Nexys 2 boardof|+= VGA
(video graphics array), RS232, USB2, PS2, LED, 1143
79l¥], PMOD (peripheral module) #WE], 5V AL U AlS
HFA 7] (clock generator) 5] A= o] it Fig. 19 YeRH
split beam B|o] €] -2 1 He] A 28] 452 Ea) ] single
beam O HA| 7| 2HE] trigger 5714157} FPGA HE°| ¢
elxjo] A7|20l 255} WAA5 7} 4382 (matching net-
work)E &3l split beam SFHEE7|of] F5 = HAFE 7)A]
gt} o] o, FPGA REo| A= 2]%2.9] single beam ]84
7125 ¥ 332 trigger A S E 7|F 22 TVG (time varied
gain) 5%719] G52 913 AlojAl 2 E S A1t o] Ao
A&7} 4702] 63 (pin) PMOD 1/O QlE|Ho]|AS E5) 42]d
O] HAAFE7] B Y=Y, split beam 25 7] 2] UL
(upper left), UR (upper right), DL (down left) @ DR (down
right) X154 55027 E FAIEE echo 4159 TVG 5%
ul opakalr} QA Eek ool that echo AlEe] BT} B4
& 3¢ ) ol £AJ5Hz o] R E] 412 echo 4157} split
beam Sapel7]9] 47he] Bakel WA 15| 27t A1)
HAFE FPGA 52 45 L E R PC (Dell inspiron, Dell,
Round Rock, TX, USA) AfellA] o]0l Xt} o] & {3l split
beam processor?] AL E o] HE| A= 421d 9] echo A&
of ek o] e, AX|F3F, TVG 535 L A/D HEh] 9] +
ol 25k Ak} Hlole o] Y A A, o7 A7 HE
59] XA ] 5-& AA7ko 2 )it B ool A ARg-gH
A/D ¥Z7]+= 12 bite] ADC7476 (SOT-23-6 package; Texas
Instruments, Dallas, TX, USA)S. 24 Z|t| MEY Ful4s=
1 MHzo] A9k, Fig. 19] split beam d]o]E] =2 9 Zz] A|A
ol A= A5 Fukg 200 kHz= 443kt Fig. 19 U
Ebd Aot 2= dut of Aof] FAH single beam oA 7]
o] 17122 AuEasl B Agox ARH o 4A, AL
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Fig. 1. Schematic diagram of the split-beam data acquisition
and processing system for measuring and analyzing the acoustic
echoes from fish targets. The system consists of a FPGA, four
receiver modules composed of four channel TVG amplifiers and
A/D converter modules, an external transmitter module with a
matching network, and a self-made split-beam transducer. The
software modules for accomplishing the input/output control and
signal processing were created specifically for this application.
The communication with FPGA hardware is managed by a USB-
based protocol and associated USB interface. BPF, bandpass filter;
ADC, analog-to-digital converter; DAC, digital-to-analog convert-
er; FPGA, field-programmable gate array; TVG, time varied gain.

Nexys 2

Table 1. Specifications of hardware modules consisting of the split-
beam data acquisition and processing system developed in this
study

Hardware modules Specification
Xilinx Spartan-3E FPGA 1200K gate
Four 12-pin Pmod interface

VGA, PS/2, USB2 and serial ports

FPGA .
Hirose FX2 connector
16 MB PSDRAM &16 MB strataflash ROM
50 MHz oscillator
Output pulse signal 50 kHz
Transmitting
module Output power 100 W
Pulse duration 0.5-1.0 ms (variable)
4 channels
TVG gain 96.8 dB (0.48 dB step)
. ADC 12 bits 1 MHz sampling
Receiving .
module Pre-amp gain 24 dB
Bandpass filter 30-70 kHz
DAC 16 bits 5V output
Split beam Self-made split-beam transducer (50 kHz)
transducer
Note book PC Dell inspiron (2.53 GHz, windows 7, core i5)

FPGA, field-programmable gate array; VGA, video graphics ar-
ray; PS/2, personal system/2; TVG, time varied gain; ADC, ana-
log-to-digital converter; DAC, digital-to-analog converter.
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Fig. 2. Block diagrams showing the electrical connection of trans-
mitting and receiving terminals with a weighting transformer and
nine transducer elements consisting of the UL quadrant of a split-
beam transducer. The output for four quadrants of the split-beam
transducer provides information on the fish orientation. UL, upper
left; UR, upper right; DL, down left; DR, down right.
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E5o gt AsA g evkS veb glet UL 154 &
52 N9 Asarpz=A A E =T, 2 XEaAtol = single
beam O] EHA| 7| 25 AEE= A7 HAA 5 E Ao 2o
Al & Z(tunning)A 71 &, XZ7452E aollA] £744] 6712 o
A= 2ps2teto] 35sk3ith £, split beam S3FHEE7] 9] 47)]
9] 154 &5 (quadrant)ol] 22} 1714 W= o] 9l 7H3l

= o] 8-5Fo] A1) Z4(side lobe) #Wo] 20 dB ©o|3}7} &
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Fig. 3. Conceptual diagram for estimating the target angle by the
phase comparison monopulse technique in the split-beam echo
sounder. (a) Time delay of echo signals due to target angle for two
quadrants (UL+UR, DL+DR), (b) Relationship among time differ-
ence, electrical phase difference and target angle for two quadrants
(UL+UR, DL+DR), (c) Data processing model for target angle
measurement. LPF, lowpass filter; UL, upper left; UR, upper right;
DL, down left; DR, down right.
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split beam S $17] 9] %4, UL+UR ¥ DL+DR 254+ 1
20| 2zt sl echo A1, E3H 0|5 A1 A5 7] wa
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1988; Burdic, 1991; Mahafza, 1998). =, $JAM| 1 L 1=H A7)
12 split beam S 1817] o] A1) vk} 219 43 wrako.
2 717} oFa o] Q= 2709] 254k Z1&(UL+URY} DL+DR
1%, UL4ADLY} URHDR ZZE)of $AIE = ¢35 echo Al5.9]
AZE A2 20, A0 AR T2 A9 48T 4 9l &
1121 ¢1 7]HH o|th(Mahafza, 1998). L&}, Wk 7F X154} T1E
ofl 42A1h= 015 echo A15.] R1%o] AR TFE L, §1440] AR
22 AFolebH MFu| L K HA 7] H(amplitude compari-
son monopulse technique) ©]-8-5}ofoF gtch(Burdic, 1991;
Mahafza, 1998). & Ao A= split beam -8R 7] 2] 249
73 sl Aden) Wl tlat g ko] 214} Lol 441
= 0} echo 415.9] 1Eo] A2 UThA=A=A)= 714l
A Pl e HAZHS v o 2 Hn] gl ] Wik
T3t o} 2] 912]2H(0) =4 oll B 23k echo A15.2] 7] ]2l 9
47t Ap% ()4l o) 3l

SA (t)
50

Fig. 3coll A s (1) s, (£)= 22 UL+DL¥} UR+DR Zlg4¢
ol ZH2} A== echo 4129 RS, (6)+S,(6)]2 AH S, (1)-
S,(0)]9] A1 25 ekl Alofek. whebA], split beam ol 4|5}
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Bl% o] g3te] (A= RE o) 243 4 olrk
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Fig. 3col 4] UL+DL} UR+DR %54} 150l 242 A1 2
2] echo A5 Ajole] A7]7je] ShAkzto 2R A 2o
g2yl diet of 7ol S 6, UL+URY DLADR 2
A LF o2 EE Z7F 2418 2719 echo 41T ARl &) A7
Q1 Pz o mRE Agh M| kel it WS 6,
2} 3k v, 3o gt ol echo A15.2] 34 uHIzh, 2, ol
Z}(direction of arrival, DOA) 6 = (8)4]°l| &Jsff ¢ 4= 3ict.

(a)
®

Split Beam Echo Sounder

®

Fig. 4. Photographs of the split-beam data acquisition and pro-
cessing system developed in this study. (a) A completed PC-based
split-beam echo-sounder, (b) An FPGA (field-programmable gate
array) board connected to four receiver modules and an additional
data control module including a battery pack.
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2 Aol A A, 7S Fig. 49 split beam H|o|8 =
4 A 2] A" A SRFHAL SO F-g=4lof ARE-5}7] 9%t
split beam S 27]+= Fig. 52F 2t} Fig. 59 split beam <
A7) o] A A o) AFE-EE A% AAH(C-21; Fuji ceramics cor-
poration, Tokyo, Japan)+= 3-%15=1k4= 50 kHze] ZF+3 b
222 A, 71 Zo|(length, L), Z(width, W), 7}2 FA|(T1), Al
& F7(T2)%= 22} 30 mm, 13 mm, 14 mm, 9 mmo]ct. & ¢
Lol A= Fig. Sacl| A2} o] o] & XE4aAt 3670E 97114 4+
Fatol arhe] Aukae] NEA BES YL, oS BEL
Fig. 20 A€} Zro] UL, UR, DL % DR g4k £52f 9]%]]
A &, B e ARgSte] 53 windows /g5t
o} &k, o) 5 47)9] 2154 BEo| 7t7be] W anlol B
= A7|E 242 9] M Fig. Sboll Uehd 21 Z£7153] =2
£ AHESto] S S B SFHE| B HE $E5 = 53
ol Y]] xgHd o] Edsh= A1 S HES 2F-19dB
712 @A Zck. olek o] A1, Akl split beam SIS
7|15 AH&-8Fe] UL, UR, DL % DR %54} 50l 4415 = ©f
 echo A13& 4=&35}11, UL+DL¥} UR+DR, E3F UL+UR
3} DLADR 9] 249- 5] Whoka} A4en] Bfgkof gk echo 412
O A71A ] 1 ApE SABHATE o|FA S H A A
BEG ol g3to] (D] ofat ol 7o) Wzt 05 2451 9
A= AsA 55 oo st doll Hie AEo}

[l

Fig. 5. Photographs for a completed split-beam transducer assem-
bly divided into four sub-array quadrants of 3x3 transducer ele-
ments (a) and four-amplitude weighting transformers installed on
the PCB (printed circuit board) (b). An acoustic wave front propa-
gating towards each quadrant composed of nine transducer ele-
ments arrives at different times and at the four quadrants causing the
phase angle of the electrical output signal. One angle (alongships)
is determined from the electrical phase difference between one set
of receiving quadrant elements, and a second angle (athwartships)
is estimated from the orthogonal quadrant elements. All four quad-
rants play a role as transmitters and transmit simultaneously, while
they receive the backscattered signals independently.

Zasirt, ofof & Aol A= © Akl 1 tungsten carbide
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(pulse width) 2F 0.6 ms®] 27|22l HAAI S & Fig. 5a9] split
beam SEFHE7| O] FHe &, 554 9F 3.5 m f|A|o A F
& -3 2E7](R206; Airmar Technology Corporation, Mil-
ford, NH, USA)E AH8 3ol $7H415.0] AHSRHE4 S 24
St A3}= Fig. 6b2} 2t} Fig. 6boll A & 4= Q)= vl 2ol 3
HHAAD O] A5 Pkl iRk HAAI D O] A|EA|
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e o tigt A2 Eoll e vl et Ao 2wt

|, 7Hket split beam 2 3FH 37| o] 441
3} Axk=Fig, 7 9 Fig. 83} 2T}, B3t
split beam 53171 9] UL, UR, DL ¥ DR 254 5]
S PAIHAAID O] ATHGHE/S2 Fig. 99 2t

HA, 2 Atol| A A, A2k split beam S3F HE7] 9] &
TAUE TVR (dB re 1 uPa/V)E 2743 A3= Fig. 73}
2t} Fig. 7a+= split beam 23FH3E7] 9] 30-100 kHz2] chirp
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Fig. 6. Electrical driving pulse signal (a) and acoustic transmitting
pulse signal (b) for a developed 50 kHz split-beam transducer.
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Fig. 7. Time-frequency response (a) and TVR (b) of a developed
50 kHz split-beam transducer. The time-frequency response was
used to quantify the transmitting voltage response of the split-
beam transducer. UL, upper left; UR, upper right; DL, down left;
DR, down right; TVR, transmitting voltage response.
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Fig. 8. Time-frequency response (a) and SRT (b) for the sum beam
of UL, UR, DL and DR quadrants of a developed 50 kHz split
beam transducer. The time-frequency response was used to quan-
tify the receiving sensitivity of the split-beam transducer. The re-
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left; DR, down right; SRT, receiving sensitivity.
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Fig. 9. Receiving pulse responses for UL, UR, DL and DR quadrants of a developed 50 kHz split-beam transducer. UL, upper left; UR, up-
per right; DL, down left; DR, down right.

cursor (ZA circle)E ©]5-A17|H, A4=u] WHaF 9l A 2] Biako] 07
i3t echo A159] 714 9zt o2 KE A= 7HAo19] ¢

Z|zto] Ag A 0.2 FA|H T 019}57\101] ol ol 7o Hl ¢
AXFHE AZE Y o] layout?] = dlcho] )23t ehx] 23
A4 27 Bl 4= YT E ST o] 9f o] ZAF ol 5] 2y .
o] Azl tigt A2 Brbe 2 ATEE Bl AE

SkQlTt. o] 5 fll 222 = ol A3t split beam
L3Sy | 2 2E Z10] k2.3 m (2F 3.0 ms) |0 FAH 1w

-90° 90°
ATHWC; 217 40 mm)E #4411 3, split beam processor 45 36 27 18 -9  0(dB)
o4 %3 echo STEA O EIE 1 o] A RES 27
Sk Axke} AA o] YX|HHE v]n, B4}t Fig. 1194 Fig. 10. Measured transmission beam patterns for a developed 50

UL, UR, DL ¥ DR] echo $&-& 77} Fig. 29} Fig. 3] Ueh kHz split-beam transducer.
Wl split beam -3 2H7] 2] UL, UR, DL ¥ DR 254} &

] FAEI ARHSTHEAOICE 2, lof right up % down  ASHSIEH: AS Uik ol 63} 09 F HLG 0}85
9] echo &2 712k UL+DL, UR+DR, UL+UR ¥ DL+DR o] A3t S0 )3t echo 415 9] =g Z(direction of arrival,
of 219 43 Wkt 14w kel A Bl i@ A DOA) 0, %, wATE] T WAL P, 0=/57G;
HHEAS e Zlolth Fig. 11914 F 3.0 ms $12]0l & =6.38"2A], 0|5 FH 2= AA wATE 1 Yol A=A171 ¢
Aot FAg wAo 29 A9 Wk Agn] kol tigt 2] ol gk ekt & Y 2|8t

Sids 91 4 00 FAX = 242t 0,=+045", 6,=-6.36"°] \Tt. Fig. 112] split beam o|E] =5 2 2] A| A8 Q] 713 EA

| %0 +7-3+= echo A1 %7F A=) Wke] ULADL 7l ZQl 7]°5-2 Alutol| &R E]of 9= 7]<] single beam oL
S50 HA mefsiglts A oulsti, 6, 3ol - #2 A|715 AH&sto] A17F9] split beam o1& 2] 7] 7} 2= o] 79
A4 W3S DLADR 2-5A4F &5 echo A&7 A &=

& FAstArks Aolth %, 71E9] single beam



806

o] i A}

[ ——
@ Split Beam Echo Sounder Developement System

' FEraET =

Time Series (UL)

0.004

0.002
0
-0.002

-0.004—
Time Series (OL)

0.004
0.002—

0
-0.002

-0.004—
Time Series (Left)

0.01+

Time Series (Right)

Detection in Azimuth

7 [ms]e EI

Time Series (UR)

Time Series (DR)

e IR T R
o Loan No. of Ping 58 2
Time Series (Down)

0.01-

DDDE?_ _ Fagseted] w gl sz 5
J J

Detection
-0.005— --0.005 |,
oo oo --

Detection in Elevation

Lo i i oo

0,004 | Device || Initiaize GE_')

0002 Input Select

™ Bronse.. |[20180704_ OutFile

—-0.002

_ _0.004]| Ext.Trig. Standby
2% TxFreqqHz)  soooo 0
Array Dist.[Lambda] 1.5

-0.002
-0
| 0.002. Aq Time[ms) 8

—-0.004 Int. PRI[{ms] 50
—0.01 Amp. Gain[dB]) 15
TVG [xlogX]

Time Series (Up)

0,01 Wzmnmm In File

0.005

7 [ms]s

Fig. 11. Layout for the software module of the split-beam data acquisition and processing system developed in this study. The location of a
40 mm WC (tungsten carbide sphere with 6% cobalt binder) sphere suspended at about 2.3 meters depth just below the split-beam transducer
was obtained by estimating the phase differences between adjacent transducer quadrants. In the split-beam processor, the distance between

the acoustic centers of adjacent quadrants was given as a function of the acoustic wavenumber and the estimated location was displayed as
a function of the direction angle relative to the beam axis of the transducer. UL, upper left; UR, upper right; DL, down left; DR, down right.
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