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Fig.1 Schematic diagram of the full-duplex radio

frequency detection system
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Fig.2 Three-dimensional representations of the

detection range

T £ 3R 56 7 T i 28 4E T KA (200 ¢cm X 80 cm
X 50 cm) HEAT . K HE EGE N XL W XK R X
20 A, KR A B AE KA E TP ], W X R 78 em,



2021 £ % 4

] FEARTIHARINEANLE R EN S 27 65

Wy Bk K2R 8 AN ASF X i), B4 X 1] 5E10 em
( 3), REZIE I Jy % %% 21 4h W 24 1% Sk (fEHE
6 mm;MWi% 24 Hz; i HEECID . T 0 sl 56 £
1T R GE R LI KAT R IR R G R

*BK [ s ENE

61 cm 78 cmr 61 cm

80om R e [IPNTET R B

-
E3 RREERE
Fig.3  Schematic diagram of the experimental facility
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Fig.4 Schematic diagram of the fish incidence angle
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Tab.1 Model selection based on the Akaike
information criterion (AIC)
gl -2L 2df AIC;  AAIC w; w;/w;
L+V 303.01 6 309.01 0.00 0.65
L+V+P 302.88 8 310.88  1.87 0.25  2.55

L+V+G+P 302.78 10 312.78  3.77 0.10  6.59

AW B 15 AN EEAL AR ATC iz ), e 55 — AN LA
By AICH /N BN A R R R AR RL L S fa i VO e vkl B
G AN ASE; P HMAEASERE; df HABE; w HERRE,
w; =EXP(-0.5A; AIC) /[EXP(- 0.5A; AIC) +EXP (- 0.5A, AIC) +
EXP(-0.5A; AIC) J;

Note: There were a total of 15 models tested. According to AIC
analysis, the first model has the lowest AIC value and is considered
optimal. L is Body length; V is swimming speed; G is fish incidence
angle; P is incidence distance; df is the degrees of freedom; Wi is

the model weight.
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Tab.2  Estimation of parameters for modeling L and V
24 it a P 1 R P
L -0.27 0.12 0.03
\%4 —0.04 0.01 0.00

IR SHOR M THE ARk R (BESE) L MK K; VR
vk H B

Note: Model parameters is described as estimated values £
standard error (B£=SE); L is body length; V is swimming speed.
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Fig.5 Variation of identification probability with
speed and length
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Tab.3 Variation of identification probability with

fish incidence angle

NS Iz b il i BRG] RlE
0°~30° 21 12 57.1°
30°~60° 60 36 60.0°
60°~90° 159 104 65.4°

TE AR /NG 7 B3R AR TR S A B =2 T i W i 4 T I = v 2
5+ (P>>0.05),

Note: The same superscript letter indicates no difference in the
between different incident angles

identification  probability

(P>>0.05).
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Different superscript letters indicate significant differences in
identification probability between different ranges of incidence dis-
tance(P<C0.05).
Fig.6 Variation of identification probability with fish

incidence distance range
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Monitoring and Analysis of Fish Passage Efficiency by Full Duplex RFID Technology

TAO Yu', SHI Xiao-tao', ZHANG Jian', JIANG Ze-wen',
LUO Jin-mei', LEI Qing-song”, KE Sen-fan'

(1.Hubei International Science and Technology Cooperation Base of Fish Passage,
China Three Gorges University, Yichang 443002,P.R.China;
2.Pearl River Water Resources Research Institute, Guangzhou 510611,P.R.China)

Abstract: Quantitatively evaluating the detection efficiency of fish passage monitoring systems is necessary
if they are to be reliably used to evaluate fish passage efficiency. Compared with the half-duplex radio fre-
quency identification system (RFID), the full-duplex RFID has the advantages of simple operation and
convenient data transmission. In recent years, it has been widely applied in evaluating {ish passage efficien-
cy. However, few studies have been done in China, and detection efficiency has not been established. In
this study, the monitoring efficiency of a full-duplex radio frequency identification system was evaluated
based on its recognition of tagged Schizothorax prenanti after entering the system. Fish incidence dis-
tance, incidence angle, body length and swimming speed were selected as independent variables and their
effect on detection efficiency were quantized. The response of detection efficiency to the independent varia-
bles was analyzed using a logistic regression model, and the most appropriate prediction model was
screened using AIC criteria. We found that swimming speed (P =0.001) and body length (P =0.03) corre-
lated negatively with fish detection efficiency. The effect of the incidence angle of fish (0°~90°) on monito-
ring efficiency was not significant (P >>0.05). The monitoring efficiency of fish with an incidence distance
of 0—10 cm was significantly higher than that of fish with incidence ranges of 20 =30 ¢m and 30 —40 cm
(P<C0.05). To improve the accuracy of fish passage monitoring, we recommend that data on fish physiolo-
gy (such as body length) and swimming behavior (such as swimming speed) should be obtained in order to
properly position the antenna before a full duplex RFID monitoring system is put in operation to provide
data for fishway optimization.

Key words: radio frequency identification system; fish passage; passive integrated transponder tag; detec-

tion efficiency; fish passage efficiency



