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(54) ELECTRICAL IMPEDANCE MEASUREMENT DEVICE AND METHOD FOR PORTABLE 
ELECTRICAL IMPEDANCE IMAGING SYSTEM

(57) An electrical impedance measurement device
and method for a portable electrical impedance imaging
system adopt a "current excitation and voltage measure-
ment" principle. An excitation signal is a square wave
current signal with constant strength. A response voltage
signal on an imaging target passes through circuits such
as a buffer amplification circuit, a resistor-capacitor direct
current-blocking circuit, and a differential amplification
circuit sequentially and is processed into a square signal
with suitable amplitude, which is converted into a digital
signal by an analog to digital converter at a suitable point

of time. The ADC performs data sampling on a measured
voltage signal at a high level and a low level of a square
wave cycle, to obtain sampling results V1 and V2, and
the difference between the V1 and V2 is used as a voltage
measurement result in this cycle. The average of voltage
measurement results in a plurality of cycles is used as a
final voltage measurement result. Due to the constant
strength of the excitation current signal, the voltage
measurement result can reflect electrical impedance in-
formation of the imaging target.
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Description

[0001] The invention relates to a field of biologic elec-
trical impedance detecting technology, and more partic-
ularly to an electrical impedance detecting device of a
portable electrical impedance imaging system and a de-
tecting method thereof.
[0002] Biologic electrical impedance imaging technol-
ogy is a tomography technology for displaying the inner
structures of organisms by utilizing the information of
electrical impedance noninvasively detected on the body
surface. The technology may use an electrical imped-
ance detecting device for detecting electrical impedance
of the imaging target to obtain a set of electrical imped-
ance data illustrating the inner information of the imaging
target at a certain frequency. A constant excitation cur-
rent should be applied on the imaging target for detecting
the response voltage when detecting electrical imped-
ance, the information of electrical impedance can be ob-
tained by demodulating the response voltage signals.
[0003] In a conventional electrical impedance imaging
technology, when detecting electrical impedance, exci-
tation sinusoidal current signals are sent to the imaging
target, and the response sinusoidal voltage signals are
rapidly sampled by high-speed analog-to-digital convert-
er (ADC). Then the information of electrical impedance
is obtained by utilizing digital quadrature demodulation
for demodulating the response sinusoidal voltage sig-
nals.
[0004] In a conventional bioelectrical impedance de-
tecting circuit, chips like FPGA and high-speed ADC are
needed, and a large number of multiplication operations
should be performed when utilizing digital quadrature de-
modulation. All these lead to complex calculation in CPU
and high power consumption. Thus, the conventional
electrical impedance imaging technology is not adapta-
ble to being used in a portable electrical impedance im-
aging system powered by battery.
[0005] Therefore, a method with simple structure, sim-
ple calculation and low power consumption for detecting
bioelectrical impedance is needed to meet the require-
ments that a portable electrical impedance imaging sys-
tem should be small in size and low in power consump-
tion.
[0006] An object of the invention is to provide a portable
electrical impedance imaging system with battery power
resource, simple structure and low power consumption
and a method thereof.
[0007] Accordingly, in order to achieve the above ob-
jects, the invention provides an electrical impedance de-
tecting device comprising a pair of exciting electrodes
applied on a surface of an imaging target for sending a
square wave excitation current signal, a first operational
amplifier and a second operational amplifier connected
to output ports of the pair of exciting electrodes, a first
high-pass filter RC circuit connected to an output port of
the first operational amplifier and a second high-pass fil-
ter RC circuit connected to an output port of the second

operational amplifier, and an A/D circuit connected to a
signal output port of the first high-pass filter RC circuit
and a signal output port of the second high-pass filter RC
circuit respectively through a differential amplifier circuit.
[0008] The invention also provides a method for de-
tecting electrical impedance, the method comprising
steps of:

1) sending a square wave excitation current signal
to an imaging target through a pair of exciting elec-
trodes for generating a response voltage signal;

2) buffering and amplifying the sampled response
voltage signal by a pair of operational amplifiers with
high input impedance for neutralizing an impedance
influence caused by contact between the electrodes
and skins;

3) driving the buffered and amplified response volt-
age signal through a high-pass filter RC circuit by
the operational amplifiers for filtering out interference
caused by power frequency and polarized voltage
of the electrodes;

4) driving the filtered response voltage signal through
a differential amplifier circuit for transforming the fil-
tered response voltage signal to a single-ended sig-
nal and amplifying the single-ended signal; and

5) transforming the amplified single-ended signal to
a digital signal by an A/D circuit with high-speed and
high accuracy for calculating and obtaining informa-
tion of the electrical impedance by demodulating;

wherein the response voltage signal is sampled once
when the response voltage signal is at high level and
once when the response voltage signal is at low level for
each circle, and a first sample V1 and a second sample

V2 are obtained respectively;

a period of respective sampling at high level is supposed

as  wherein t1 is a period between a time of

respective sampling at high level and a time of a nearest
rising edge of the square wave excitation current signal;
correspondingly, a period of respective sampling at low

level is  wherein tp1 = tp2 ;

obtaining information of the electrical impedance by cal-
culating and demodulating difference Vz = V1 - V2 be-

tween the first sample V1 and the second sample V2 ;

taking an average value of Vz from a plurality of circles

as a final result.
[0009] An excitation signal of the invention is the
square wave excitation current signal, the response volt-
age signal is buffered by a operational amplifier for neu-
tralizing an impedance influence caused by contact be-
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tween the electrodes and skins; filtered by a high-pass
filter RC circuit for filtering out interference caused by
polarized voltage of the electrodes; amplified by a differ-
ential amplifier circuit; and transformed to a digital signal
by an analog-to-digital converter (ADC) with high-speed,
high resolution and high accuracy for obtaining informa-
tion of the electrical impedance by demodulating.
[0010] The response voltage signal is sampled once
when the response voltage signal is at high level and
once when the response voltage signal is at low level,
the difference is taken as the result, the average value
of the difference from a plurality of circles is taken as a
final result for improving accuracy, the period of respec-
tive sampling at high level equals to the period of respec-
tive sampling at low level.
[0011] Therefore, comparing with a conventional tech-
nology, the invention has the advantages as follows.
First, the impedance detecting circuit adopts units with
low voltage and low power consumption and is capable
of being powered by a single-supply for applying to being
used in a portable electrical impedance imaging system
powered by battery. Second, taking the difference be-
tween the first sample and the second sample as the
demodulating result is capable of further neutralizing the
interference caused by power frequency and polarized
voltage of the electrodes. Last, the average value of the
demodulating results is taken as a final result for further
improving accuracy.
[0012] Fig. 1 is a sketch view of an electrical impedance
detecting circuit according to a preferred embodiment of
the invention; and
[0013] Fig. 2 is a sketch view of a period of respective
sampling at high level and a period of respective sampling
at low level according to the preferred embodiment of the
invention.
[0014] Specific characteristics and properties of the in-
vention are further illustrated by preferred embodiments
and drawings according to the preferred embodiments
as follows.
[0015] Referring to Fig. 1 of the drawings, an electrical
impedance detecting device of a portable electrical im-
pedance imaging system according to a preferred em-
bodiment of the invention is illustrated, the device com-
prising:

a pair of exciting electrodes 1 applied on a surface
of an imaging target for sending a square wave ex-
citation current signal 1,

a first operational amplifier 2 and a second opera-
tional amplifier 3 parallel connected to output ports
of the pair of exciting electrodes,

a first high-pass filter RC circuit 4 connected to an
output port of the first operational amplifier 2 and a
second high-pass filter RC circuit 5 connected to an
output port of the second operational amplifier 3,

an A/D circuit 8 connected to a signal output port of
the first high-pass filter RC circuit 4 and a signal out-
put port of the second high-pass filter RC circuit 5
respectively through a differential amplifier circuit 6,

wherein the constant square wave excitation current
signal 1 is used for excitation action, and information
of electrical impedance is obtained by calculating
and demodulating the difference between a voltage
amplitude of the square wave excitation current sig-
nal 1 at high level and a voltage amplitude of the
square wave excitation current signal 1 at low level.

[0016] The preferred embodiment of the invention also
provides a method for detecting electrical impedance,
the method comprising steps of:

sending a square wave excitation current signal 1 to
an imaging target through a pair of exciting elec-
trodes 1 for generating a response voltage signal;
sampling the response voltage signal by a pair of
detecting electrodes, and then buffering and ampli-
fying the sampled response voltage signal by a first
operational amplifier 2 and a second operational am-
plifier 3 with high input impedance, wherein the input
impedance of the operational amplifier is high
enough for neutralizing an impedance influence
caused by contact between the electrodes and skins;
driving the buffered and amplified response voltage
signal through a high-pass filter RC circuit 4 and a
second high-pass filter RC circuit 5 for filtering out
interference caused by power frequency and polar-
ized voltage of the electrodes;
driving the filtered response voltage signal through
a differential amplifier circuit 6 for transforming the
response voltage signal sampled by the detecting
electrodes to a single-ended signal and amplifying
the single-ended signal; and
transforming the amplified single-ended signal to a
digital signal by an A/D circuit with high-speed and
high accuracy for calculating and obtaining informa-
tion of the electrical impedance by demodulating.

[0017] The preferred embodiment of the invention also
provides a method for obtaining information of electrical
impedance by demodulating, the method comprising
steps of:
[0018] Referring to Fig. 2 of the drawings, sampling a
response voltage signal once when the response voltage
signal is at high level and once when the response volt-
age signal is at low level for every circle, and obtaining
a first sample V1 and a second sample V2 respectively;

supposing that a period of respective sampling at high

level is  wherein t1 is a period between a time

of respective sampling at high level and a time of a near-
est rising edge of the square wave excitation current sig-

3 4 



EP 2 759 261 A1

5

5

10

15

20

25

30

35

40

45

50

55

nal; correspondingly, supposing that a period of respec-

tive sampling at low level is  wherein tp1 = tp2;

taking values of the period of respective sampling tp1 and

tp2 as 0.8 for common use, wherein the values may be

changed for being adaptable to different imaging require-
ments;
obtaining information of the electrical impedance by cal-
culating and demodulating difference Vz = V1 - V2 be-

tween the first sample V1 and the second sample V2 ; and

taking an average value of Vz from a plurality of circles

as a final result for improving accuracy.

Claims

1. An electrical impedance detecting device of a port-
able electrical impedance imaging system, compris-
ing:

a pair of exciting electrodes (1) applied on an
imaging target for sending a square wave exci-
tation current signal (1);
a first operational amplifier (2) and a second op-
erational amplifier (3) parallel connected to out-
put ports of said pair of exciting electrodes;
a first high-pass filter RC circuit (4) connected
to an output port of said first operational amplifier
(2) and a second high-pass filter RC circuit (5)
connected to an output port of said second op-
erational amplifier (3); and
an A/D circuit (8) connected to a signal output
port of said first high-pass filter RC circuit (4)
and a signal output port of said second high-
pass filter RC circuit (5) respectively through a
differential amplifier circuit (6).

2. A method for detecting electrical impedance using
an electrical impedance detecting device of a port-
able electrical impedance imaging system of claim
1, the method comprising steps of:

a) sending a square wave excitation current sig-
nal (1) to an imaging target through a pair of
exciting electrodes (1) for generating a response
voltage signal;
b) buffering and amplifying the sampled re-
sponse voltage signal by a first operational am-
plifiers (2) and a second operational amplifiers
(3) with high input impedance for neutralizing an
impedance influence caused by contact be-
tween the electrodes and skins;
c) driving the buffered and amplified response
voltage signal through a first high-pass filter RC
circuit (4) and a second high-pass filter RC cir-
cuit (5) by the first operational amplifiers (2) and
the second operational amplifiers (3) for filtering

out interference caused by power frequency and
polarized voltage of the electrodes;
d) driving the filtered response voltage signal
through a differential amplifier circuit (6) for
transforming the filtered response voltage signal
to a single-ended signal and amplifying the sin-
gle-ended signal; and
e) transforming the amplified single-ended sig-
nal (7) to a digital signal by an A/D circuit (8) with
high-speed and high accuracy for calculating
and obtaining information of the electrical im-
pedance by demodulating.

3. The method of claim 2, characterized in that
the response voltage signal is sampled once when
the response voltage signal is at high level and once
when the response voltage signal is at low level for
every circle, and a first sample V1 and a second sam-

ple V2 are obtained respectively;

a period of respective sampling at high level is sup-

posed as  wherein t1 is a period between

a time of respective sampling at high level and a time
of a nearest rising edge of the square wave excitation
current signal; correspondingly, a period of respec-

tive sampling at low level is  wherein tp1

= tp2 ;

information of the electrical impedance is obtained
by calculating and demodulating difference Vz = V1

- V2 between the first sample V1 and the second

sample V2; and

an average value of the Vz from a plurality of the

circles is taken as a final result.
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