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Abstract

In order to collect information on local distribution of conductivity and permittivity underneath a scan probe, we developed a
multi-frequency trans-admittance scanner (TAS). Applying a sinusoidal voltage with variable frequency on a chosen distal part of a human
body, we measure exit currents from 320 grounded electrodes placed on a chosen surface of the subject. The electrodes are packaged inside
a small and light scan probe. The system includes one voltage source and 17 digital ammeters. Front-end of each ammeter is a
current-to-voltage converter with virtual grounding of a chosen electrode. The rest of the ammeter is a voltmeter performing digital
phase-sensitive demodulation. Using resistor loads, we calibrate the system including the scan probe to compensate frequency-dependent
variability of current measurements and also inter-channel variability among multiple. We found that SNR of each ammeter is about 85dB
and the minimal measurable current is SnA. Using saline phantoms with objects made from TX-151, we verified the performance of the
lesion estimation algorithm. The error rate of the depth estimation was about 19.7%. For the size estimate, the error rate was about 15.3%.
The results suggest improvement in lesion estimation algorithm based on multi-frequency trans-admittance data.
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Fig. 1. A subject under test using a TAS system. A constant voltage is applied between the hand-held electrode and the planar array of electrodes in the scan probe.

Exit currents through the scan probe are measured to provide trans-admittance data.
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Fig. 2. Block diagram of the developed TAS system.

Vo 28 | February, 2007 85



320—-Channel Multi—Frequency Trans—Admittance Scanner(TAS) for Anomaly Detection

g

2

pies!
fr

S8 B 37) G4 ou] g,

A AA A 29 74

TAS A 28le] T4 17 29} 2t} WA PCE Atte AXE
12 F3) TAS A|A01E A|olshm], PCS TAS A 2] Ajo]e]
B2 A E USB 5AHH] & AE-3hch TAS A 28] 9] 1]
£ PCs} 5] 2 Hlo]E] mg Sashs F Aoj7]7} Yo,
ARLY 2 ARZHE 93 REST F4]0]7] Alo]e] HlofE]
BAL WP YR W2 Ao} 717} SIx) sk o, LA g
AE3} B4 Ze) A BAAT)7] 98 AL B4 BE
7} 320709) A Z7to 2 BE AFE 2R YR AFEY B
E5o] T3tk FALL A7) 93712 AT Bed 9
B89 =40} 3207]¢] AFE TFsh= A0 T2 EE YR
2974 322 23w o

B. TAS A| 2H] AZEg]o]

PCZ o] &3] TAS Al 28-S 753l A o] =rjEl 2 gAahe
Z8 3= TAS A 28] A3 E ¢)|o]i= CHH(Visual C+H-, Microsoft,
") E o] &35t MABIATE o] AZE ol WARE EAE
EE fAE0 2 HAY X 2 2|5 e duelEe
A g31o] Wl gt EXd vie A PJRE RAF
T} TAS Al 28] AZEJo]= AMATe] HoE 98 Mdae
AR T 71 e R STk A EAE =2 ase) 73
Folle A"l B S A3 do]E] g5, A|Avle] F7)FH By
o #HelslA o] &3 ¢ Y=F et 7} AMgte] A7) 24, A
2’ AR 9] SEE 24, 4 FHTAH 5 A" AR A Y
o 2e3 RE V1SS XM, 4 GS HolFa, 93] %
A7 34 Gl E A ¢ 492 2= 715 S 7R 1 dok A
SRS ZE YL S AL Qe 0| A JIX ], A} o
43 dae)E] 44 AAE BT H AP 75 we 38t
Ak

C. F Ao]7]2} USB ¢lg o] ~

% Aol PCZRE o3 g wol TAS Al2dE Alojahw,
3207)9) A3 2ol 24 % A ol =rlg 20) AR B 34
2 Ylo|e] & PC2 43T}, 5 40MHz v9) 22 2 £7)54)

TE A Fe Al 28 JA7L 57152 5 A e A0
= gAEA 542 7[(TMS320LF2407A, Texas Instruments,
USA)E 7Ivtoz Aslglrh. USB B41E Slaixes Hxe
USB = 24 4|(C8051F320, Silicon Laboratory, USA)E A&
3131, tAE A 5 A 2] 7] ¢F USB Z2A| A Ale] €] E-41-& CPLD
(EPM3064, Altera, USA)E A1831o] TASA T, 2E V54
£ A 5AA A2 ADuml 100UR, Analog Device, U]=)& A&
slo] M7)4 o2 HAAslgrh 2Mbps<] £5& 714 & USB £41
& A7) HHE A Y-S E3] 0% 77 diolE] £4&-8 B

D. U3 Y| E A 0] 7]

YA " Ao FH oxE Ao] Az Ee] wjAg HsiA o
A9 Alo] =g ARSI o] REE AXAAL L ARSE =
EEY AL A 799 wlolE B4ls $lsiA FPGA(EP
1K50TC 144-3, Altera, USA) 7]¥te] 2 U EY A A7) &
Fsta vk I IENQZ A7 AR EA 719 24
2E Alo]d|A] 10Mbps half duplex JZE2S F3h3Ic}. 24
EAIA & AMSSle] B o] TR Y wjAd g A AL, ol F
Bl ofd 2 3l 2d) fYHE NS Y - UAEE 3

.

E. 7 At 2y

AAo dH3 A7le] A sk AAY 4 EEe
FPGA(EPIKS0TC 144-3, Altera, USA)E o] &3} &3
g AEs Y| & 7|vto g i) CAd HERE oldE
Az =z Agslr]) 98 16-bit DAC(AD768, Analog Devices,
USA)E AHgstla, 29 29ke] 2718 7hisb] Sl 8-bit

Constant voltage source

[ FPGA f
DAC e Waveform
Amplitude Generator
v Intrat
Data ™XRD
- »  network
controller
- Address
Reference f : 1 3
Eect .
ectrode oac et b )
Sine
waveform
data ro——
Trigger Phasel
pulse

Iy 3. FHet

g B s FHE

Fig. 3. Block diagram of the constant voltage source.
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Fig. 5. Scan probe: (a) Array electrode board (b) Switching circuit board (c) Switch controller (d) Assembled scan probe.
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Fig. 13. Frequency-difference trans-admittance maps from the saline phantom in figure 4.5 with a cubic anomaly with 8mm side length at (a) 5, (b) 10, (c) 15 and

(d) 20mm depth.
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Fig. 14. Frequency-difference trans-admittance maps from the saline phantom in figure 4.5 with a cubic anomaly at 10mm depth with its side length of (a) 4, (b) 6,

(c) 8 and (d) 10mm.
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Table 2. Estimated depth d and size |Dj from the frequency-difference tests. Numbers are mean + standard deviation from ten repeated measurements. The true
depth and size are denoted as d* and D], respectively.

~ d*(mm) D] *(mm’) dimm) 1 | (mm®)
5 512 7.142+0.006 488169+4 036
10 512 12.350%£0.763 349.930+47.357
15 512 13.067 £0.587 268.450+24.357
20 512 15.21610.828 115.041+£10.120
10 64 11.815%£1.145 68.789+17.606
10 216 11.145+0.853 214.869128.526
10 1000 10.448 £0.228 650.59£88.263
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