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Fig. 1 The illustration of the reaction of LF-band RFID
system (Redrawn from Finkenzeller, 2003).
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Table 1
of HFSS software for designation and simulation of
LF-band RFID loop antenna

Key physical and environmental parameters

Parameter Setting

Excitations Lumped Port

Solution mode Driven modal

Frequency 134.2KHz(LF)

Discrete(Performs a full
solution)

Maximum Delta $=0.02

Sweep Type

Convergence per pass

Maximum number of

6~8
passes
Scalar plot type Fringe
Material Copper
Medium Air or Fresh Water
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Fig. 2 Sketch of the induction coil to emulate a real
RFID-tag for onsite H-field strength reading tests with
LF-band RFID loop antenna. Coil tips were connected
to an oscilloscope.
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Fig. 3 Three kinds of orientations of coil related to LF-band RFID loop antenna for near-field sensing test and trigger

voltage measurement. Central axis of coil was along the z-direction (A), x-direction (B) or y-direction (C) of

horizontal (x-y) plane of antenna.
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Fig. 4 Comparison of H-field strength patterns of 3 sizes and 2 planes of LF-band RFID loop antennas in condition
of air by HFSS simulation. (A) and (D) showed pattern of 30 cm side-length antenna in x-y plane and x-z plane, (B)

and (E) of 40 cm side-length antenna in same plane, (C) and (F) of 50 cm side-length antenna in same plane.
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Fig. 5 Comparison of H-field strength patterns of 3 planes of 30cm side-length LF-band RFID loop antenna in

condition of freshwater by HFSS simulation. (A) showed pattern in x-y plane of antenna, (B) in x-z plane on side of

antenna, (C) in x-z plane crossing central point of antenna.
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FREADTULAC - DRSS KRR e KB HE R a e -

VN ERAVAR = E 26 R S &L TN Ll E o
%’ IRELIERME (L) 37.854 pH K ERHINFEDY
R (R) 0.3906 FRAZ (1) IS EE R E KR
Q {EATFy 81 EyEARETHIRE 30 ~ 250 HlE L[] -
AR B i fEVCAC AR BE  (Texas Instruments Ltd.,
2002) -

%5 30 cm RFID KAREUE R VLELSEREE » DA
% R ARV i 2% o2 ST R 1) BR P R A 25 B K
27.75 cm - [AFEALRIHISHEA 18.75 cm » DUREEL
85.5 cm ~ Mt 67.5 cm ZH#iE K 4.5 cm FEEEZ
Nt =03 RS B R RS (25 Fig. 2) NER
RFID #74 » #1717 18 HE&3RLL 14 &1L 252 gtk
S RRE R0 S VB (Fig. 6) - Hrr o
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HIFSRAN Fig.6 HhZ R tt 124 14
& o PHESR KRR S A FEEGHE RS A B B SR
HHERERSEHETEIMAET Ry 3 Egh& PR -
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<+—>
o

'
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Fig. 6 A sketch graph showed the 4.5cm-interval grid
positions (small solid circles) of induction coil and real
RFID-tag to measure H-field strength with a LF-band
RFID loop antenna (white line in central area). Black
solid circles meant readable positions of RFID-tag
while grey solid circles meant unreadable. All circles
were the positions the coil moved on.
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16.6 A/m « #5Z » AEEEE RAR LS i E P M
RE - A B IGRE KSR 16.6 A/m
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ARG S R B LR T - DAVE fo 108 AR fr A A
TIR K -

B R0 R e 2 = U R R E AR B (Fig.
2) - DA RHifrk 252 kg @) /i (2% Fig
6) > MR IRER R 30 om 3R KR 3 FAHE 51
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S FERRFS P LS T KRR Y i) - IR ELE
JEEAR P L A T R ARSI - i id e K
Felas Hscks 2 srB@iic s miiRg - EEEER
SRR FERRPE L i RAR R S HES BERSS © 55



38  MOEGE - i BB - BRI
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Fig. 7 3D graphs showed results of H-field strength
measurement from an induction coil which moved on

positioning grids (refer to Fig.6) and in 3 orientations (A:

z-direction, B: x-direction and C: y-direction) related to
LF-band RFID loop antenna plane (refer to Fig.3A,B,C
respectively). Pure white line, marked 16.6A/m, was
the trigger voltage of RFID-tag.
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Fig. 8 E-field radiation pattern and strength (dB) of a
LF-band RFID loop antenna simulated by HFSS
software. Range of the phi (horizontal angle) was
0~180 degrees while theta (vertical angle) was
-180~180 degrees. Antenna side was placed on the
horizontal line of theta angle from -90 to 90.

LS VRIS .2 & A S B R A 1 B TE
HAYSE » B ER 20 R T 7
M - HEEBEEAAZ 60 ~ 120 ~ -60 ~ -120 FERY
HEGRERIGE (20 dB LLE) - SFHAZ 0 ~
10 ~ 50 ~ 100 ~ 160 ~ 180 7 HE B 36 1 =3 40 dB
DAE o RS SCREHHG T » BARITHEEEEE
T2 K T AR K BB RES )x RFID FHY



HEE (Texas Instruments Ltd, 2000) e

N~ RO B B R T R S e T

LI LA E G5 0 P s 1t DA s 87 B Ml o
Mg - Tl E4E B — 30 cm J5j2 RFID ZEHERE
PR AR B AR BERF I - KIAE B E
RFID KA 1.5 m ~ ZE 1 m {7 FRP %7K
B KA > R RERIRF BN R B T R
WA Fa R YRR B 75 e B 6 R ot - [
T BlESr W KA (antenna array) BOE T
= R B R R IF T NS E
JEE {8 AT HH B AT AR i KA B I DUE 7 & g
ERE T E B AT IRF R i S B P AR b -

DAPY{E F 22 S R R ] - L R BT R
EEAN Fig. 9 FR - o388 — E AR 30 em (2 ik
ve I ZE[E#: (hollow cylinder) » DU HRLE
BIHE /K B SRR S IR AR « 2SRRI 2*2 Sl
e B4 2Rz 30em ST R
MR 437 > B FEEIE 16 SRR - Hr R KIERTUL
REREY RS T BB E TR R BHRIR 4
SCRARE T E A — 8 U 2R B — S
P > BoA el LUK 200 ms 2 RFFEEIREET T
TRIEAGER B KA B Pl S AN RFID B4 -

1EEHHE RFID KARACE % < Bt e
SRR R > B RN EEEIFR R EE
= EEHIR EREE B E PR ~ IR 5~ /KR
EURE - Al LB E N E R K rTRE
R i Sl R e H R 5 v R P B FE T A T
TR A P AE  SHERLL RFID &
RS /K BRI E T R — 30 cm J7IB KRR
KRR ERE

TERR x-y ¥ (2% Fig. SA) HHE—E
FAEE - DR S NE S A7 B B Rl S Eh
A ERENEHHG 0 "TERER 56 cm Z[H
T R ERIE (DURAR-P OB Ry B %9 0.25
m’ (Fig. 10A) fERKAR x-z V-2 PR (2%
Fig. 5C) » DIMHEVT T &5 Kl 56 cm - %5 46
cm Z gEITHR A ESERIE (DR DB RS (E]
Hrts) %9 0.20 m? (Fig. 10B) - & HU BB B L fEE
R (Figs. 5, 6) L - (AR E R AFERER A 2252
(E#J 2.5cm) -

e Yo,
Al L4
* L4
* -
* L4
Y *
* .
o *
* *

- *
- *
7 *

antenna .

& 30em I «1.2cm

hollow :
s, 30cm cylinder &
.
¢‘ :
* L4
. o
0. .
- o
*
- **
”'0. t“‘
. *
ay .
-----------
< -
< >
150 cm

ws 001l

Fig. 9 The illustration showed a 4-quadrant
construction example of LF-band RFID monitoring
system in a FRP aquaculture tank (150 cm diameter
and 100 cm depth) that using a hollow cylinder (30 cm
diameter) and 4 antenna arrays, perpendicular to each
other. Every single array was assembled by 2*2 square
loop antennas (30 cm side-length and 1.2 cm thickness
for each).
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Fig. 10 Onsite measured RFID-tag readable ranges (dual-arrow thin lines) and coverage (dotted area) of a single

LF-band RFID loop antenna (thick black line) in water of aquaculture tank. (A) was a top view (x-y plane) of antenna,

and (B) was a side view (x-z plane) of antenna.

Fig. 11 The illustration showed the union RFID-tag

readable coverage (tiny-dot area) based on

measurement of single antenna (refer to Fig.10B). The
underwater coverage of all 4 antenna arrays was about
55% of whole horizontal section (big-dot circle) from
top view of the aquaculture tank.
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Fig. 12
union RFID-tag readable area (tiny-dot area) based on

Another coverage illustration showed the

measurement of single antenna (refer to Fig.10B) from
different construction of RFID system. In this example,
4 additional smaller antenna arrays (contented 1*2
antennas for each array) were placed in middle
position between every 2 original antenna arrays
(sketched in Fig.9). The underwater coverage of all 8
antenna arrays was computed about 85% of whole
horizontal section (big-dot circle) from top view of the
aquaculture tank.

Antenna

Fig. 13 An illustration showed a RFID-tagged fish
passing through a loop antenna. RFID tags had been
mounted on nose of fish (A), or injected into 3
positions of fish body: (B) muscle near ahead of dorsal
fin, (C) muscle near rear of dorsal fin, and (D) muscle
near ahead of anal fin. The central axis of (B) tag was
almost the perpendicular orientation to plane of
antenna and would get the largest engery from antenna
(Redrawn from Lin et al., 2009b).
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Visualization Analysis of Magnitude-electric Characteristics and
Preliminary Evaluation of Near-field Response Efficiency of Underwater
Low-frequency RFID Antenna System in a Small Aquaculture Tank

Chi-Yuan Lin"", Shang-Hsien You? and Shih-Chin Chen'

'Planning and Information Division, Fisheries Research Institute

*Identification and Security Technology Center, Industrial Technology Research Institute

ABSTRACT

This paper proposes a new approach to construct a real-time monitoring system of aquaculture fish based on an
underwater wireless sensing technique of low-frequency (LF) RFID. Behavior of tagged fish in aquaculture tanks can then be
identified dynamically. With the culture and breeding traceability data, efficiency and precision of broodfish management or
running an aquatic genetic resource bank can be improved. The testing and proofing facility is a small-size FRP fish tank
with 1.5 m diameter and 1 m depth inside. HFSS, a visualization simulation software, was used to numerically analyze the
H-field and E-field strength distributions in near-field space of square LF loop antenna in the first place. Result showed
character of magnetic field of 30 cm size-length antenna was better than other sizes and less impact of H-field strength in
fresh water. Real object testing result showed perpendicular angle, between x-y plane of antenna and center axis of RFID-tag,
would reach the largest interactive energy and readable coverage. Critical trigger voltage of emulative coil of RFID-tag was
measured to be 1115 mv against the antenna while the calculated H-field strength was 16.6 A/m. Underwater RFID antenna
system in the fish tank was constructed by combinative ways of 4-quadrant and antenna arrays (4 or 8 arrays used, 2 or 4
antennas for each array). A single LF loop antenna was measured its RFID-tag related maximum readable ranges onsite in
water and in great detail. Thus, the whole readable area crossing x-z plane of each kind of antenna arrays, totally 16 or 24

antennas, could then be calculated to be about 55% or 85% of the horizontal circle plane of the tank, respectively.

Key words: RFID, designation of low-frequency loop antenna, visualization analysis of field-strength,
real-time monitoring of aquaculture fish
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