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RFID Bionavigation System

Hiromi Takahata

Abstract

This dissertation proposes a small lesion marking system based on an RFID
(Radio Frequency Identification) technique. RFID is a short-range wireless com-
munication technique. The proposed marking system is capable of providing the
position of miniature RFID-tag implanted by the vicinity of the lesion. There are
many medical imaging technologies such as X-ray CT (Computed Tomography)
and MRI (Magnetic Resonance Imaging), which allow doctors to look into the
structure of the human body. It is well known that these imaging technologies
are useful for diagnosing and identifying the tumor. Although these imaging
technology allow us to identify the position of the tumors in diagnosis phase, it
is difficult to confirm the tumor during the surgery. In order to determine the
tumor during the surgery, a metal clip and ICG (Indo Cyanine Green) dye based
marking methods have been used. However, it is difficult to determine the accu-
rate position by marking use of these marking methods. These marking methods
also have a risk of complications.

In this study, a miniature RFID-tag is placed as a marker in diagnosis stages.
The marking system measures the distance, which is composed of the RFID-tag,
sensor and signal processor, between the sensor tag by marking efficient use of
received signal strength from the tag. The distance measurement is carried out

at several sensors and the position of the tag.

e [ have developed a prototype system based on the proposed marking scheme.

e [ evaluated the accuracy of the proposed scheme in order to confirm the

feasibility of the proposed marking system.
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e An animal experiment has been carried out for evaluation the performance

of the proposed scheme.

The experimental results using the phantom showed that the proposed marking
system is capable of determining the position of the target tag with the maximum
estimation error of 2 mm. In the animal experiment using the medium-size dog,
it showed that the RFID-tag average time detection are esophagus and stomach
cases 15 s and 47 s, respectively. The average distance estimation errors for
the esophagus and stomach cases are 8.2 mm and 3.0 mm. This result implies
that the proposed system is valuable for improving this quality of the surgery.
The proposed system is also applicable to the other medical applications such as
tracking the implanted medical devices.

This result implies that the proposed system is valuable for improving this quality
of the surgery. The proposed system is also applicable to the other medical

applications such as tracking the implanted medical devices.

Keywords:

Marking RFID-tags Small Lesiond Endoscope Operation
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3.2. RFIDOODO RFIDOD

Table 3.1 RFIDOODODOODOO
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OO0O00D0RFIDODO -0000 4.9152 MHz 13.56 MHz 13.56 MHz
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3.2. RFIDOODO RFIDOD
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3.2. RFIDOODO RFIDOD
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33. REIDOODOO0D0OO0000000

Table 3.2 DO00D0O0OO00O RFIDODOODODOO

Reader Writer TR3-LD003C TAKAYA Co.,Ltd
Standard ISO18000 O mode 3 O
USB-6366 National Instruments 8 bit
O000000000D01.695 MHz
Minimum Received Signal -100 dBm O O (10~1%mW)
Star Engineering Co.,Ltd.

A /D converter

RFID-tag Compatible with MRI,Autoclave Sterilization Apparatus
Power Supply Antenna TR3-A401 0 TAKAYA Co.,ltd.
Sensor Antenna Prototype
Sensor Antenna - RFID-tag 13.56 MHz
Frequency
RFID-tag — Sensor Antenna 13.56 + 0.423 MHz O
Sensor Antenna —» RFID-tag 0 ASK O
Coding Patterned (mod. index 10 %) O
RFID-tag — Sensor Antenna [0 FSK O
Coupler ZFDC-10-6-S, R&K 0.005-20 MHz, 11 + 0.5 dB
Mixer MX040, R&K 0.005-50 MHz , 20 dBm

Signal Processing Software LabView on Windows 7 , core i5, 2.5 GHz

3.3.1 UUObOogooooobood

DoobobooobbobobooboRFIDODOODOOOODOODOO
gbbogbugo20buogoboooobbuobbuoobooobboan
gobobbuogbol1obooobobooobobobbooobbooobboon
goboboboooboboobobobodobobdrgs3.8uUoooooon
gbobooodRFIDODOOOO DUODODOODOODODORFIDODOO
gbbogobbooobbooobuoboboogbboobboobboan
gbobooobobooobobooobobuoobobo RFIDODOODOODOODOO
gbobogbbooobboobbooobbooobbobboobboon
Oobooboobooboobooogoo RFIDODOOODOO DOOOOORFID
gbbogboboodbbuobbooobbobbuoobbooobboon
gboboooodbooboob PEN-IDODODOODODO 10 mmO RFIDOOO
goboboobooogoon

OOOORFIDODOOOODODODOOODOODOODdO0 1I0mmdOoOoooooon
OO0bo0oO0RFIDODODOO DO 47,10, 3mm000000000000O0O
gbobgoobobgooobooboboobobob b 4,7,10,13mmO00
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3.2 UUbooboooooon

OoOOo0o0boooboobOoob RFIDODODODODOODO Figd.200000

Fig.3.2000 13.56+ 0.423 MHzO RFIDOOOO0OOO0OOO0O0DOODOOOO
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gbobooobbuodgbbooobbuoobboooooobboobboo
00000 (3.6)00000000000000000000O0O0O0O Fig3.210
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RFIDOOO0O00000+(#)0000Fig32100000000000000
OORFIDOOOOOOO »(1)00000000+(#)000 (3.6)00000000

r(t) = (1 4+ aYpsk(t)) - cos 27 fot (3.6)

OO0O00O000oO0obooRFIDOOD «0O0OD0OOO0OOODOOOOODOOO
0000 cos2nfet 0000000

O00O0 r(t)D000O00 (Double Balanced Mixer: DBM) 0 O O0OOOO0O
OO0 1356 MHzOOOOODO cos2nfot DO ODDO0ODOODOOOODOOOOOO
D000D00O0 ()00 (3700000000

q(t) = (1 + YFSK(t)) cos” 27 fot

2

0 (3.7)0000000000000000000 100000000 2f,00
000000000000 20000000000¢¢)00000000000
(BPF:Band-Pass Filter) 0000 0423 MHzO0 OO OOOO0O0O0000 Yesk(t)
0Dooooo

00000 U@ ODO000BPFOOOO0O0O0O0OO0200001000000
000000000000 (a/2)Yes(t)0000U(#) 0 A/DODODODOOCO
00 k7,0000000U[k]0URKT,)00007, 0000000000000
0000000000000 0423 MHz0 40000 1.692MHz 000000
00U[k]O Hann DO OO 0000 Hann 000 wlk] O,

wlky] = % (1 - Cos%kt) (3.9)

0000000000000000 (k] = wk] Uk]OOD0OCk]DOOFFT
(Fast Fourier Transform:0 0000000 )000000000000O0OO0O
00000000000 ¢k JOOOO

¢k ]000000000000000000 BPRODOOOO 0.423 MHz) O
obooobo423MHzOOODOOODOOO

= 1(1 + OéYFSK(t)) + %COS 47Tf0t . (1 + OéYFSK<t>> (37)

- ksl 5 (Vo < kp < Ns) (3.9)
0 ; (otherwise)
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gbooooog
N, N, OOBPFOUODOUOODOODODOODOOODODOODODDOODOOODOODO

N, = Nodion, — nod2 (3.10)
Js Js
n[kf]DDDDDI:] (3.11)DDDDDDDDDDDDDD pOOOOOOO
N2
P=S" nkf? (3.11)
k=N1

ODOORFIDODODODOODOODODOODOODOODOD Figd22000000
OO000DO00000O0bO0b00O0DoD0obD0obOboobDOoDoOoDbOonO SRsORFID
000000000 SQr0000c000D00000000H = (H,0H,O0Hy) O
00000000 RFIDOOOOOOOODO (3.12) 0000000000000

Z A

Fig. 3.22 DO0OUODOODOODOO

~ SQrcost (1 1 0I(t)
= <z3[(t)+cz2 ot )

2m
SQrsing (1 1 aI() 1 91
Hy = 200 (g = S, - 220 12
¢ ir (13 O+ o Y o (3.12)
0000000000000 0000o Ihooo (3.13) 00000
I(t) = A - cos2m fot (3.13)
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00000000000000000000000000000000000
000000 SQs00000000000 n(n=(n,0nglhg),In|=1)0000
00000000000000000000000000000 BOO (3.14)0
0000000

Op=pSs-H-n (3.14)

gbbobpddbbobooobbboogoboboooobobobbuooon
000000 VOO (3.15) 00000000

0Py
ot
0 (3.15) 000 (3.12)00 (3.13)00 (3.14) 00000000 (3.16)0000

Vi = (3.15)

uSQrSQsA(t)(2n, cos + ngsinf)

4
2 2 2
O — ( ™ fo sin 27 fot — ( 7;;;0) cos 27rf0t)

n wSQrSQsA(t)ngsin ) . (21 fo)3

47 cl?

Ve =

O

- sin 27 fot (3.16)

1/d*01/d?01/d000000000000000000000000000O0
goobooogn

0000000 B7H00D0000000000000 cos2rfot000000O
gobobbbotbouogooooobboobobbuo2b0d00oooooobbon
gboboboooobobodgd

puSTSsA(t)(2n, cosf +nfsinb) (27 fo)?
wit) = 87 B

000000000000 1/200000000000000000000
gobboobouooggn

(3.17)

H=- (3.18)

gobooon
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3.6. 000

PEN-I
Antenna

RFID-tag No Signal

[

RFID-tag (10mm)

Power Supply Antenna

Fig. 344 0000000000000 OO0OOOODOOOODO(OOOO)

Table 3.3 RFIDOOODOO00000000000000OO
000 (dBm) OO0 (Hz)

-72.21 448
-91.939 392
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43. 3000000
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43. 3000000
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