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Fig. 1. Schematic diagram of multi-frequency impedance measurement based on integer-period sampling.
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Fig. 2. System structure diagram of the mfEIT system based on FPGA.
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Fig. 3. Photo of the mfEIT system.
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Fig. 4. Multisine signal: (a) Time domain waveform; (b) spe-

ctrum distribution.
D=3 2 (12)
P ko

2 _ 52

OZk - k

;o (13)

7 T, ()
v Ly
K, PRI REL, RA-EIEEAT 50 IRBHBTIE &
S 17, V2RI oF,, of, 43 5% I 4 A dL 7
e b PR ) 1 AR f B X6 87 P U 15 5
EHFHE S 2.

K% A SNR AT an & 2 fr ), 25 5%
T, &R S A SNR 8N 47, F 14 SNR N
55.3 dB, FHbriEZE N + 6.2 dB. tH TEKHE
SR AR EE AT RIS, PR e A S A
Bty SNR AHZE AN K, 1 2 kHz 47 B AR /Ny R 22
Jir DR AT 2 PRt F A B2 ik BEL B s i K, = 350 o
BHBTIER M R .

# 2 Multisine {55 20 0% o2 938 8 (51 P49
Kbtz
Table 2.

SNR at 20 frequency points of the multisine signal.

Average and standard deviation of the channel

WL GORIE GRME/ BURA, FRIL bR/
/kHz SNR/dB  + /kHz SNR/dB =+
2 46.7 4.8 53 55.7 6.0
3 51.3 5.4 73 55.8 5.7
5 53.4 6.2 101 54.7 6.0
7 55.0 5.8 139 51.6 5.0
11 55.4 6.3 193 54.6 6.1
13 55.4 6.4 269 56.1 6.7
17 54.7 6.3 373 57.0 7.3
19 54.6 5.9 521 58.1 7.9
29 53.6 5.5 719 56.0 7.6
37 55.1 5.8 997 56.6 8.0

4 mfEIT 1% 525 5 563

4.1 mfEIT R&EHE

TR A= ) 2T N B8 7S LA, R BT

HL S5 o (x, y) AT IS0 S Bl A7 ¢ B B
o (z,y)9¢
on

K 002 s i, n Fan Bl 2 WHNE ) Hf
a4, 2RI 2 1A LR

N TIHHER AT AZ 53 0 WS o0
Ao(x, y) 70 A0 Z 89 5 5, TG A5 05 B8R 1F
(COMSOL Multiphysics 5.3a with MATLAB)
D7 ELIETE AR AL, S S T BSOS
Bkl — A0 B (FA% 130 mm), 16 VB H
e A% SRR 8 5 AH L Z A [A) B 52 1:1.5 Lu i a4 )
il 8 A 0 — Bl [ B 5 )7 SRS 2R PN R P 6
(B RSHALE N 0.01 S/m). TEDFFERRE
Py B E Y 3 R R AT BR TR 1) 23 23 A A 1 37
WELAE TS DL, T B0 4 S i AL S
PRZIIER, AU TR

AZ ~ JAo (x,y), (z,y) € £2. (15)

1) i 2 AR £ W05 2 A L SR 2, 7

mfEIT RS 155

W \Z 2 fmttpum) B oo
T = Sy |4 . (16)

K £, FoRH m BRI . I ™

=7, (z,y) € 002, (14)
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AZ, (f)] THENTRERITH RN Ao(z, y), H
o B 254 . A Tikhonov-Noser 2H-4 1F
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AR M (o A (] 8, A% b e /M B bR eR B R
i, IXFE ] LIS B A7 A HoE— i e . 1B Tik-
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AT DAL TE B A9 A% B AL B AT DR bk 22 B
M T4 233, IE M S EUR — TR R E
U AL, MM BRI TR B OCE S, 25N
WEIEN S $ er =1 x 1070, e = 100 2 LB A1
OFIEN

4) BMEEPE: o T s A A ER
HERAPE, SR HIH— LAY SE IR B Al iy SR {h 5 0 |
B L S 8 Ak 2 8] A A OC R 2L (CC) 1R A BB
T IR AR bR, B AR
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=1
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=1
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b

(20)

X, Aci, Aore 3 HIFIRE i DICRIYEEHL S
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A TR A B R AR, n AR
COMSOL A BRICHE] 43 7 545 20 ) S 5 8, A
X n = 3360.

CC 5 FRMBAMMETR, (N HH SRR
[ o3 A A . PRI B bR i R B R AR, 1
AR A 225 3% BE AN [R)AR [] B T LAARAS:
ANTE Y G, A3 22 UG ) Jo et DA DA B4, oA S
OG5} 26 UG A T BT B PTAR

4.2 mfEIT Z%H &L

421 B £&E

TG S B0 TF AT, Seill 2 FAAATE KR R 2
A IR 34 537300 BT EHE , 7F R i 22 iR
TS B Z; (t,). B FBEPTS A 5
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150
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Fig. 5. Boundary impedance spectroscopy of homogeneous
field.
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(BP (20) RFR B EUEEM #5805 CC), CC ki
T 1 IR B AR 25 FAH O Bk vy, A% T o
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Fig. 6. Time difference images of the mfEIT system.
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Design of multi-frequency electrical impedance tomography
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Abstract

Starting from the principle that the integer-period sampling (IPS) of periodic signals is free of spectrum
leakage, in this paper we propose the multisine-IPS theory, deduce theoretically the sampling rate setting
formula of multisine-IPS condition for the first time, and build its realization method based on field-
programmable gate array (FPGA) plus digital-to-analog converter (DAC) plus analog-to-digital converter
(ADC). A new multi-frequency electrical impedance tomography (mfEIT) system based on multisine excitation
and its IPS theory is developed, and a dual-target imaging model including a carrot stick and a cucumber stick
is designed. The experiments of multi-frequency time-difference imaging and frequency-difference imaging are
carried out on the mfEIT system. The experimental results show that the newly-designed mfEIT system
can achieve full-band impedance measurements on multiple objective tissue boundary at 20 frequency points
(2-997 kHz) within one fundamental period (1 ms), and the structure and position of biological tissues with
different electrical properties can also be distinguished from the resulting images. The proposed multisine-IPS
theory and its implementation method can complete a full-band impedance measurement within one multisine

fundamental period, which lays a theoretical and technical foundation for developing high-speed mfEIT system.

Keywords: multisine, integer-period sampling, multi-frequency electrical impedance tomography
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