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The evaluation and design method of ultrasonic biotelemetry system

Ju SAM PARK AND MASAHIKO FURUSAWA*

Depatrment of Marine Science and Technology, Tokyo University of Fisheries, Minato, Tokyo 108-8477, Japan

A method for evaluating and designing acoustic systems for ultrasonic biotelemetry for investigating fish be-

havior is developed. The objective of the method is to surely receive the signal from a pinger by increasing the sig-

nal-to-noise ratio (SNR) and widening the detectable range. First, the SNR is derived as a function of source pres-

sure of the pinger, sound traveling characteristics, receiving directivity, and noise level. Based on the SNR, the de-

tectable beam width is defined as a new concept and the indices that describe the maximum detectable range and

the detectable beam width are introduced. A universal diagram for the basic design of the biotelemetry system

where SNR is plotted against frequency is developed. An appropriate frequency, receiving transducer diameter,

detectable beam width, and number of receiving transducers are easily determined by using the diagram.
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Fig. 1. Tracking of a fish by an ultrasonic biotelemetry
system.
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Fig. 2. Definition of terms concerning detectable range
of biotelemetry.
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Table 1. Parameters used for computing detectable
range
Parameter -
dependence 2a SL
fTkHz] 30, 70, 120, 300 30, 70, 120, 300
2a [[cm] 1~64 8
SL [dB] 136 130~170
Fig. No. 5 6

Other parameters SNR=10 dB, NP,=145dB,
Af=2.5%kHz, ¢c=1500 m/s
ais calculated by Francois and Garrison’s
formula3" for parameters S= 34 psu,
T=15C, pH=38, and d= 100 m.
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Fig. 3. Pinger longevity (H) as functions of source pres-
sure for various battery capacities (C, mAh). The
specific acoustic impedance pc=1.5x10%kg/m?/s,
transducer efliciency n=30%, voltage of 2 battery
cells V=3V, current when circuit in quiescent state /,
=0.01 mA, and duty ratio 7/7p»=0.01 are assumed.

OB Y LU TRL, 2a L Bp /N5 A—=2CbtAB, TOD
B, SL=136dB, c¢=1500m/sec, Af=2.5kHz, NP,=
145dB %, —BEHLL HI, INHDDH L, cld
EEEICEREE LTI WD, TOMD/NF A—& SL,
Af, NPy 1L, (1)K 5 L9510, SNEICHT S
WENEBENTHLOT, CNOOMBER LS B2
W ERRo@ RIS BB A oD A — L THRAR
FAUL L,

COFEIZLNE, LAY TOERY —EICH5
CENTE, BAEMNERIANTREL S, ZOHER
mewﬂ#ﬁ%@ﬁﬁ%%@ﬁﬁumvkﬁﬁmtﬁ
BolobDTHL), Kbl byF—HRANRL L C
L, "F/\'PW)’r\ﬁbV)(u/\%ﬂ'; VAR DIZE ST K
NEBETHABRME —AEXAWS T L, BRKEGED
TH 5,

& R

.4 Fig 312, B)RIC L AHFmH LaEHLY
~ L SL=201log Py DEAtR%, BHihEE C DMK L
TR, BAEEA VX Apcid, 1.5x10kg/
m?/s, n (£ 30% & L7z, Vid2EOBLER 2 v Eith
DBETH A3V, I)130.01mA » L7, HEFHIN
TWBE LDV AL AR DR L R, Eyﬁ#
BE- THROEBPOLE VT OFIEATHERTES
IC1sBETHY, NV AEL 1I0ms BETHHDT,
t/Tptd 0.01 & L7z,

FHarid, VB EE T Ip(t/Tp) <L 127 5D T

HEECTH LN, EEEENS SHE (Fig. 3 Ti3 SL
=Mmmﬂx>uif%&%E®%muoth&&
5 ((B)XTL=0 & L7, #lzid, C=100mAh
-G, SL=130dB T H i+ 381 @, 140dB Ti 216 H,

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

ABE ST L A L) OFBROFH s L Ok 339
150 dB Ti+ 40 H, 160dB Tit 4 HiZ/ 5, 2000 & SL-1360B
4) JL=13 ?
Dlkoifima g s, Uune L ik, NHRE
(ERN), RFFa (HR), BEFHEL (SLX) ©3 2000 e
éé{tkf)iﬁﬁﬁf;b@( (6):\4 L <L Fig. 320, FHmn
B A AIDICE, BEEEE IS hoF 2 —F 4 L 1000 o pgtem
AT NS LTI asd, Ihoidfies {" 0 = =
D BN PRSI AU S, N BT 1000
W2, 2) E@)RD OSBRI E LV, L/J\ L, 7 (b) SL=155dB
SHTRER &S T 5L, QRO BEWERINNS 2000 28704
S0, O)XPLHFMORBEEEDOHRAZ 5, & E P
7o, BB S < AU, BICAS XD IR LEOH g oo L1670
Bimussss—
T B WIFNICH L, UV ORI L OFEH = —
L R, R, FERG LRI LTS B 0 =1 r
B5, FREFBOWMFFOMRIZ, & TMAIE LV HOEE 3000 5
THET S, \{ e (¢) SL=1684B
— 16
A 2000
1 BRI Fig 41, ROAREIERER, I TN
FICRILC, BB 20 30 LU SL %135 1000 ges mnss
A=k LTORT o SLELTH, BEFRRSnTo5 Y e T
v (Vemco #L%4) ol 136 dB, 155 dB, 168 dB % I 0") . 000
U iR S A, 2a 1 1~64 cm OFEFRT £ [Hz]
AT Fig. 4. Maxi 1 ﬁ fi
S s s / 1g. 4. aximum detectable ranges for source pressure
R BRI, ”~7%50)?? - o TRE DI of 136dB (a), 155dB (b), and 168dB (c). The
IZONTIFINT 57, B AELEAHIC LM ->Ta receiving transducer diameters range from 1 to 64 cm.
INABITEEING 5D T, BVICEL, C—r w4l b, SNR=10dB, ¢=1500m/s, 4f=2.5kHz, and NP,=
" N ) ) 145dB are fixed. The absorption attenuation
SL 2 20 K & <75 A3 X R K BONBRBE LR = < 7 coetlicient « is calculated by Francois and Garrison’s
0, 2= 7R3 BBERIIE < %5, $7ahb, & formula.

FIpeTIE SL & 2a % k& < LT, KBIIE Y ohEn
KELIEWT Wb A,

Fig. 418, A AT A Y OFBROEHDLL VN 199\
DOFEPUSRE 25 2 D, M2, 500 m LI Tomphn 6
W, SLA136dB LL iz L vy, SL 7136 soo b1
dB D&, FIKERE 30kHz 705 400 kHz < 5= T »

DINCHFAZER T & 5,

Distance [m]

2. %ﬂﬁwfw i, WO 2a L AR S e e

YEALIC KA BANHIH OB L e 7Rm U fze BIfE, /A A5 » . .
VAR UL ?'J F SN T A2 RO BT 25 kHz~ ol _ 2a=tdem
307 kHz (Vemco #:, Lotek #f:, Hydroacoustic Tech- 2a=64em Uzu_ 2a=0d4¢m
nology f:, Sonotronics tkD 4 ¢t H 7z a7 L B) T I bdem
B0, 70KHZ (10 % < T . 7T, 70 gy LI f=T0kHy =120k 300K
kHz %&b, KB & L Tk 30kHz, &EmE &L L Cit 0000 100 <100 0 Bi:((ihh—:::)l 0100 <1000 0 100

300 kHz, FHE iR ci s T\ % 120 kHz 1

- ~ o Fig. 5. Dependence of detectable range on receivin
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transducer diameter for frequencies of 30 kHz, 70

MNP 770 5 Big /NS WE VI (Vemco #0 kHz, 120 kHz, and 300 kHz. Parameters are shown in

model V8-1L, £ = 33mmx B 8mm) Off 136 dB Table 1.
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Fig. 813, SNR=10dB » L T, 2a, SL DZ1biC &
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0
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_ 160 SL=170dB
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Fig. 6. Dependence of detectable range on source pressure for frequencies of 30 kHz, 70 kHz, 120 kHz, and 300 kHz. Parameters

are shown in Table 1.
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Example of three beam arrangements by three methods overlapping at beam width (a), at detectable beam widths with y

=1/2 (b), and y= l/ﬁ (¢) for signal-to-noise ratio of 10 dB, source pressure of 136 dB, frequency of 70 kHz, and receiving
transducer diameter of 8 cm. Shaded areas show an area of overlapping.
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By & Bp [deg]

10 100 1000
/ [kiiz]
Fig. 8. Dependence of beam width (dotted lines) and de-
tectable beam width (solid lines) on frequency with 10 100 100
parameters of source pressure and receiving trans- f [kHz]

ducer diameter. X . . . . .
Fig. 9. Universal diagrams for basic design of receiving

system of biotelemetry. Signal-to-noise ratio (SNR) is
plotted against frequency, changing the parameters of
range 200 m (upper), 400 m (middle) and 800 m

B Ch S, AV — A8 Bp i S5 T LE R, (lower), receiving transducer diameter (solid lines),
. . S ~ . o and detectable beam width (dashed lines). The SL=
Fig 97Tl 2w lfd 5 L5105 5720, fi310 136 dB, 4/=2.5 kHz, and NP, =145 dB are fixed but
kHz~1MHz, 2a it 1~64 cm (5E4#;), Bpid 7.5°~240° can be easily changed by re-scaling the ordinates. The
S8 L, BIIAL L - Th b, absorption attenuation coeflicient « is calculated by
R . Francois and Garrison’s formula. Shaded areas show

SN SRR Tid 38 OIEIC L - THnd % =

the suitable area for the design point.
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