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(57) ABSTRACT 

An impedance module for calculating the impedance of a 
body part creates stimulus currents for injection into the 
body part and receives resulting voltages generated by the 
body part The impedance module includes a current gen 
erator for generating the stimulus currents, the stimulus 
currents including a current signal and a complementary 
current signal thereby forming a differential current signal. 
The impedance module also includes voltage processing 
circuitry for pre-processing the received voltages and ampli 
fying the received voltages to generate a measured voltage 
signal; processing circuitry for creating a current control 
voltage signal for controlling parameters related to the 
stimulus currents, and for calculating an impedance value 
based on the stimulus current and the measured voltage 
signal, and interface circuitry for interconnecting the com 
ponents of the impedance module. 
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APPARATUS AND METHOD FOR PERFORMING 
IMPEDANCE MEASUREMENTS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from provisional 
application serial No. 60/429,316 ?led Nov. 27, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to a system for medical 
diagnosis of disease and speci?cally relates to a system for 
measuring electrical impedances of body parts to diagnose 
medical disease. 

BACKGROUND OF THE INVENTION 

[0003] The onset of disease is often accompanied by 
physical changes in a body part. Some physical changes, 
While not discernible by a patient, can be detected With 
appropriate diagnostic equipment, often at a relatively early 
stage of the disease. 

[0004] For example, the electrical impedances of various 
body tissues are Well knoWn through studies on intact 
humans or from excised tissue made available folloWing 
therapeutic surgical procedures. In addition, it is Well docu 
mented that a decrease in electrical impedance occurs in 
tissue as it undergoes cancerous changes. This ?nding is 
consistent over many animal species and tissue types, 
including, for example human breast cancers. Consequently, 
electrical impedance may be used to diagnose disease. 

[0005] A method that permits comparisons of electrical 
properties for diagnostic purposes has been developed that 
involves homologous body parts, i.e., body parts that are 
substantially similar, such as a left breast and a right breast. 
In this method, the impedance of a body part of a patient is 
compared to the impedance of the homologous body part of 
the same patient. One technique for screening and diagnos 
ing diseased states Within the body using electrical imped 
ance is disclosed in US. Pat. No. 6,122,544, Which is 
incorporated herein by reference. In this patent, data are 
obtained from tWo anatomically homologous body regions, 
one of Which may be affected by disease. Differences in the 
electrical properties of the tWo homologous body parts could 
signal disease. 

[0006] Published international patent application, PCT/ 
CA01/01788, Which is incorporated herein by reference, 
discloses a breast electrode array for diagnosing the pres 
ence of a disease state in a living organism, Wherein the 
electrode array comprises a ?exible body, a plurality of 
?exible arms extending from the body, and a plurality of 
electrodes provided by the plurality of ?exible arms, 
Wherein the electrodes are arranged on the arms to obtain 
impedance measurements betWeen respective electrodes. In 
one embodiment, the plurality of ?exible arms are spaced 
around the ?exible body and are provided With electrode 
pairs, Which can be used to make tetrapolar impedance 
measurements. 

[0007] Tetrapolar impedance measurements are associated 
With injecting current betWeen so called current injection 
electrodes and measuring a voltage drop betWeen associated 
electrodes. In a preferred embodiment, the differences 
betWeen corresponding homologous impedance measure 
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ments in the tWo body parts are compared in a variety of 
Ways that alloWs the calculation of metrics that can serve 
either as an indicator of the presence of disease or to localiZe 
the disease to a speci?c breast quadrant or sector. 

SUMMARY OF THE INVENTION 

[0008] In an RC circuit, the impedance Z, is a complex 
number, Whose real part is the resistance R and Whose 
imaginary part is the capacitive reactance XC=(u)C)_1, Where 
no is the frequency at Which the voltage (or current) oscillates 
and C is the capacitance of the circuit. The magnitude of the 
impedance Z is given by: |Z|=|V|/|/|, and the phase, 4), of the 
impedance Z is given by: |¢|=|arg (V)—arg (l)|=|tan_1[Xc(u))/ 
R]|, Where / denotes the current and V denotes the voltage. 

[0009] A bioelectrical impedance diagnostic system can 
be used to measure several impedances of a body part, such 
as a human breast, to diagnose the possibility of disease 
therein. The diagnostic system includes various leads that 
connect to the body part via electrodes. The leads are used 
to inject current and to measure resultant voltages; the 
currents and voltages thereafter being used to calculate 
impedances. These impedances may then be used for diag 
nostic purposes because as disease in a body part progresses, 
the impedance of the body part changes in a predictable 
fashion. The greater the number of impedances obtained for 
different electrical pathWays, the better the diagnosis can be. 

[0010] In a ?rst aspect, the present invention provides a 
system for detecting the possibility of disease in one of a ?rst 
body part and a second substantially similar body part by 
impedance measurements. The system comprises a main 
module for controlling the operation of the system, and a 
front-end module connected to the main module and at least 
one of the ?rst and second body parts for injecting stimulus 
currents into the at least one of the ?rst and second body 
parts and receiving voltages generated by the at least one of 
the ?rst and second body parts in response to the stimulus 
currents. The system further comprises an impedance mod 
ule connected to the main module and the front-end module 
for creating the stimulus currents and determining the 
impedance of the at least one of the ?rst and second body 
parts based on the received voltages. The stimulus currents 
comprise a current signal and a complementary current 
signal thereby forming a differential current signal. 

[0011] The impedance module preferably comprises a 
current generator for generating the stimulus currents. The 
current generator includes a ?rst current generation module 
for generating an internal current signal; a ?rst output 
impedance unit connected to the ?rst current generation 
module for generating the current signal based on the 
internal current signal; a second current generation module 
connected to the ?rst current generation module for gener 
ating an internal complementary current signal; and, a 
second output impedance unit connected to the second 
current generation module for generating the complemen 
tary current signal based on the internal complementary 
current signal. 

[0012] The current generator further may comprise a ?rst 
current shield generator for generating a current shield 
signal related to the current signal; and, a second current 
shield generator for generating a complementary current 
shield signal related to the complementary current signal. 
The current shield signal and complementary current shield 
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signals are provided to the front-end module to shield the 
current signal and complementary current signal from noise. 
The ?rst current shield generator preferably includes an 
ampli?er having a gain factor for amplifying the current 
signal to generate the current shield signal, the gain factor 
being chosen to provide a negative capacitance. The second 
current shield generator preferably includes an ampli?er 
having a gain factor for amplifying the complementary 
current signal to generate the complementary current shield 
signal, the gain factor being chosen to provide a negative 
capacitance. 
[0013] The impedance module preferably further com 
prises a processing unit for creating a current control voltage 
signal for controlling parameters related to the stimulus 
currents; and, a digital-to-analog converter connected to the 
processing unit for receiving the current control voltage 
signal and generating an analog current control voltage 
signal. The current generator further preferably comprises a 
single-ended differential conversion unit connected to the 
digital-to-analog converter and the ?rst current generation 
module for converting the analog current control voltage 
signal to a differential current control voltage signal. 

[0014] Preferably, one of the parameters is frequency and 
the frequency of the generated stimulus currents is given by 
FD=F1*Kn Where K is a constant and n is an integer greater 
than or equal to 2. 

[0015] The ?rst current generation module comprises a 
?rst gain stage that includes an ampli?cation stage for 
amplifying the differential current control voltage signal and 
converting the ampli?ed differential current control voltage 
signal to a single-ended ampli?ed current control voltage 
signal; a ?lter stage connected to the ampli?cation stage for 
?ltering noise in the single-ended ampli?ed current control 
voltage signal; and, a feedback stage connected to the 
ampli?cation stage and the ?lter stage for feeding back an 
integrated version of the ?ltered single-ended ampli?ed 
current control voltage signal to ensure that the single-ended 
ampli?ed current control voltage is centered about ground. 

[0016] The ?rst current generation module further prefer 
ably comprises a current generation stage connected to the 
?rst gain stage for creating the internal current signal. The 
current generation stage includes a second ampli?cation 
stage for amplifying a difference betWeen the ?ltered single 
ended ampli?ed current control voltage and an integrated 
version of the internal current signal to generate the internal 
current signal; and, a second feedback stage connected to the 
second ampli?cation stage for providing the integrated ver 
sion of the internal current signal thereto. The second 
feedback stage includes a voltage folloWer connected to the 
second ampli?cation stage for folloWing the output of the 
second ampli?cation stage; and, an integrator connected to 
the voltage folloWer and the second ampli?cation stage for 
integrating the output of the voltage folloWer and providing 
the integrated output to the second ampli?cation stage, the 
integrated output being the integrated version of the internal 
current signal. 

[0017] The second current generation module comprises a 
phase adjusting stage for receiving the internal current signal 
and generating a phase-adjusted internal current signal; and, 
an inverting stage connected to the phase adjusting stage for 
inverting the phase-adjusted internal current signal to create 
the internal complementary current signal. 
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[0018] The impedance module further comprises a signal 
conditioning unit for pre-processing the received voltages to 
produce a single-ended processed measured voltage, the 
received voltages forming a differential signal and including 
a ?rst measured voltage signal and a second measured 
voltage signal; and, a programmable gain unit connected to 
the signal conditioning unit for providing a plurality of gain 
levels to the single-ended processed measured voltage to 
generate a single-ended ampli?ed measured voltage, the 
gain levels being de?ned according to GD=G1*Kn Where K 
is a constant and n is an integer greater than or equal to 2. 

[0019] The signal conditioning unit further comprises a 
?rst voltage shield generator for generating a ?rst voltage 
shield signal related to the ?rst measured voltage signal; and, 
a second voltage shield generator for generating a second 
voltage shield signal related to the second measured voltage 
signal. The ?rst and second voltage shield signals are 
provided to the front-end module to shield the ?rst and 
second measured voltage signals from noise. The ?rst volt 
age shield generator preferably includes an ampli?er having 
a gain factor for amplifying the ?rst measured voltage signal 
to generate the ?rst voltage shield signal, the gain factor 
being chosen to provide a negative capacitance. The second 
voltage shield generator preferably includes an ampli?er 
having a gain factor for amplifying the second measured 
voltage signal to generate the second voltage shield signal, 
the gain factor being chosen to provide a negative capaci 
tance. 

[0020] The signal conditioning unit comprises a differen 
tial input netWork including a ?rst ?ltering stage for remov 
ing noise from the ?rst and second measured voltage signals 
to generate ?rst ?ltered measured voltages; a common-mode 
rejection stage connected to the ?rst ?ltering stage for 
removing high frequency common mode noise to generate 
second ?ltered measured voltages; and, a second ?lter stage 
connected to the common-mode rejection stage for remov 
ing noise from the second ?ltered measured voltages. The 
signal conditioning unit further comprises a differential 
voltage ampli?er including: an ampli?cation stage for 
amplifying a difference betWeen the second ?ltered mea 
sured voltages and generating a single-ended measured 
voltage signal; a ?lter stage connected to the ampli?cation 
stage for ?ltering the single-ended measured voltage signal; 
and, a feedback stage connected to the ampli?cation stage 
for providing an integrated version of the single-ended 
ampli?ed measured voltage to the ampli?cation stage. 

[0021] The impedance module further comprises a pro 
cessing unit for calculating impedance values based on the 
stimulus currents and a corresponding digitiZed single 
ended measured voltage signal; and an analog-to-digital 
converter connected to the processing unit for converting the 
single-ended measured voltage signal to create the digitiZed 
single-ended measured voltage signal. The programmable 
gain unit comprises a programmable gain ampli?er includ 
ing: an ampli?cation stage for amplifying the ?ltered single 
ended measured voltage signal; a second ?lter stage con 
nected to the ampli?cation stage for ?ltering the output of 
the ampli?cation stage; and, a variable resistance stage 
connected to the ampli?cation stage for providing the plu 
rality of gain levels, the variable resistance stage including 
a multiplexer and a plurality of resistor con?gurations 
connected to the output paths of the multiplexer; each 
resistor con?guration being related to each other by the 
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factor K. The programmable gain ampli?er further com 
prises an output stage connected to the programmable gain 
ampli?er for amplifying and shifting the DC level of the 
output of the second ?lter stage to create the single-ended 
ampli?ed measured voltage. 

[0022] The signal conditioning unit preferably includes a 
common-mode voltage measurement stage for measuring a 
common-mode voltage of the received voltages. The imped 
ance module further includes a processing unit comprising: 
a calculator module for calculating impedance values based 
on the stimulus currents and the received voltages; and, a 
calibrator module for correcting the calculated impedance 
values, the calibrator module applying a common-mode 
calibration step and an impedance calibration step. 

[0023] For a given calculated impedance value, the com 
mon-mode calibration step includes identifying the magni 
tude and phase of the measured common-mode voltage at a 
pre-de?ned measurement frequency and correcting the cal 
culated impedance value by subtracting a Weighted version 
of the measured common-mode voltage from the calculated 
impedance value, the Weight being de?ned by the amount of 
common-mode voltage rejection provided by the signal 
conditioning unit. 

[0024] Alternatively, for a given calculated impedance 
value, the common-mode calibration step includes identify 
ing the magnitude and phase of the measured common-mode 
voltage at a pre-de?ned measurement frequency and cor 
recting the calculated impedance value by subtracting a 
common-mode calibration number obtained from a lookup 
table, the common-mode calibration value being indeXed by 
the magnitude and phase of the measured common-mode 
voltage. 
[0025] For a given calculated impedance value, the imped 
ance calibration step includes correcting the calculated 
impedance value by applying an impedance calibration 
factor from a calibration table, the impedance calibration 
factor being indeXed by the gain that is applied by the 
programmable gain unit, the measurement frequency and the 
magnitude of the calculated impedance value. The imped 
ance calibration factor may also be indeXed by the phase of 
the calculated impedance value. 

[0026] The system further includes a calibration board for 
generating the calibration table, the calibration board includ 
ing a plurality of calibration resistors and a plurality of 
calibration capacitors selectively connectable With one 
another to form a plurality of calibration impedances, 
Wherein the resistance of the plurality of calibration resistors 
are related to one another according to RD=R1*Kn and the 
capacitance of the calibration capacitors are related to one 
another according to CD=C1*Kn and calibration is performed 
at calibration frequencies related to one another according to 

Fn=F1*K“. 
[0027] The system as de?ned above can be used for 
detecting the possibility of disease in a patient. 

[0028] In a second aspect, the present invention provides 
an impedance module for calculating the impedance of a 
body part, the impedance module creating stimulus currents 
for injection into the body part and receiving voltages 
generated by the body part in response to the stimulus 
currents. The impedance module comprises a current gen 
erator for generating the stimulus currents, the stimulus 
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currents comprising a current signal and a complementary 
current signal thereby forming a differential current signal; 
voltage processing circuitry for pre-processing the received 
voltages and amplifying the received voltages to generate a 
measured voltage signal; and, processing circuitry con 
nected to the current generator and the voltage processing 
circuitry for directing the operation of the impedance mod 
ule, the processing circuitry including a processing unit for 
creating a current control voltage signal for controlling 
parameters related to the stimulus currents, and for calcu 
lating an impedance value based on the stimulus current and 
the measured voltage signal; and, interface circuitry con 
nected to the current generator, the voltage processing 
circuitry and the processing circuitry. 

[0029] The current generator comprises: a ?rst current 
generation module for generating an internal current signal; 
a ?rst output impedance unit connected to the ?rst current 
generation module for generating the current signal based on 
the internal current signal; a second current generation 
module connected to the ?rst current generation module for 
generating an internal complementary current signal; and, a 
second output impedance unit connected to the second 
current generation module for generating the complemen 
tary current signal based on the internal complementary 
current signal. 

[0030] The current generator further comprises: a ?rst 
current shield generator for generating a current shield 
signal related to the current signal; and, a second current 
shield generator for generating a complementary current 
shield signal related to the complementary current signal. In 
use, the current shield signal and complementary current 
shield signals are used to shield the current signal and 
complementary current signal from noise. The ?rst current 
shield generator includes an ampli?er having a gain factor 
for amplifying the current signal to generate the current 
shield signal, the gain factor being chosen to provide a 
negative capacitance. The second current shield generator 
includes an ampli?er having a gain factor for amplifying the 
complementary current signal to generate the complemen 
tary current shield signal, the gain factor being chosen to 
provide a negative capacitance. 

[0031] The interface circuitry comprises a digital-to-ana 
log converter connected to the processing unit for receiving 
the current control voltage signal and generating an analog 
current control voltage signal. The current generator further 
comprises a single-ended differential conversion unit con 
nected to the digital-to-analog converter and the ?rst current 
generation module for converting the analog current control 
voltage signal to a differential current control voltage signal. 

[0032] One of the parameters is frequency and the fre 
quency of the generated stimulus currents is given by 
F"=F1*Kn Where K is a constant and n is an integer greater 
than or equal to 2. 

[0033] The ?rst current generation module comprises a 
?rst gain stage comprising an ampli?cation stage for ampli 
fying the differential current control voltage signal and 
converting the ampli?ed differential current control voltage 
signal to a single-ended ampli?ed current control voltage 
signal; a ?lter stage connected to the ampli?cation stage for 
?ltering noise in the single-ended ampli?ed current control 
voltage signal; and, a feedback stage connected to the 
ampli?cation stage and the ?lter stage for feeding back an 
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integrated version of the ?ltered single-ended ampli?ed 
current control voltage signal to ensure that the single-ended 
ampli?ed current control voltage is centered about ground. 

[0034] The ?rst current generation module further com 
prises a current generation stage connected to the ?rst gain 
stage for creating the internal current signal, the current 
generation stage comprising: a second ampli?cation stage 
for amplifying a difference betWeen the ?ltered single-ended 
ampli?ed current control voltage and an integrated version 
of the internal current signal to generate the internal current 
signal; and, a second feedback stage connected to the second 
ampli?cation stage for providing the integrated version of 
the internal current signal thereto. The second feedback 
stage comprising: a voltage folloWer connected to the sec 
ond ampli?cation stage for folloWing the output of the 
second ampli?cation stage; and, an integrator connected to 
the voltage folloWer and the second ampli?cation stage for 
integrating the output of the voltage folloWer and providing 
the integrated output to the second ampli?cation stage, the 
integrated output being the integrated version of the internal 
current signal. 

[0035] The second current generation module comprises: 
a phase adjusting stage for receiving the internal current 
signal and generating a phase-adjusted internal current sig 
nal; and, an inverting stage connected to the phase adjusting 
stage for inverting the phase-adjusted internal current signal 
to create the internal complementary current signal. 

[0036] The voltage processing circuitry comprises: a sig 
nal conditioning unit for pre-processing the received volt 
ages to produce a single-ended processed measured voltage, 
the received voltages forming a differential signal and 
including a ?rst measured voltage signal and a second 
measured voltage signal; and, a programmable gain unit 
connected to the signal conditioning unit for providing a 
plurality of gain levels to the single-ended processed mea 
sured voltage to generate a single-ended ampli?ed measured 
voltage, the gain levels being de?ned according to 
G“=G1*Kn Where K is a constant and n is an integer greater 
than or equal to 2. 

[0037] The signal conditioning unit optionally comprises: 
a ?rst voltage shield generator for generating a ?rst voltage 
shield signal related to the ?rst measured voltage signal; and, 
a second voltage shield generator for generating a second 
voltage shield signal related to the second measured voltage 
signal. In use, the ?rst and second voltage shield signals 
shield the ?rst and second measured voltage signals from 
noise. The ?rst voltage shield generator includes an ampli 
?er having a gain factor for amplifying the ?rst measured 
voltage signal to generate the ?rst voltage shield signal, the 
gain factor being chosen to provide a negative capacitance. 
The second voltage shield generator includes an ampli?er 
having a gain factor for amplifying the second measured 
voltage signal to generate the second voltage shield signal, 
the gain factor being chosen to provide a negative capaci 
tance. 

[0038] The signal conditioning unit comprises a differen 
tial input netWork including: a ?rst ?ltering stage for remov 
ing noise from the ?rst and second measured voltage signals 
to generate ?rst ?ltered measured voltages; a common-mode 
rejection stage connected to the ?rst ?ltering stage for 
removing high frequency common mode noise to generate 
second ?ltered measured voltages; and, a second ?lter stage 
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connected to the common-mode rejection stage for remov 
ing noise from the second ?ltered measured voltages. The 
signal conditioning unit also includes a differential voltage 
ampli?er including: an ampli?cation stage for amplifying a 
difference betWeen the second ?ltered measured voltages 
and generating a single-ended measured voltage signal; a 
?lter stage connected to the ampli?cation stage for ?ltering 
the single-ended measured voltage signal; and, a feedback 
stage connected to the ampli?cation stage for providing an 
integrated version of the single-ended ampli?ed measured 
voltage to the ampli?cation stage. 

[0039] The interface circuitry further comprises an ana 
log-to-digital converter connected to the processing unit for 
converting the single-ended measured voltage signal to 
create the digitiZed single-ended measured voltage signal. 
The programmable gain unit comprises a programmable 
gain ampli?er including: an ampli?cation stage for ampli 
fying the ?ltered single-ended measured voltage signal; a 
second ?lter stage connected to the ampli?cation stage for 
?ltering the output of the ampli?cation stage; and, a variable 
resistance stage connected to the ampli?cation stage for 
providing the plurality of gain levels, the variable resistance 
stage including a multiplexer and a plurality of resistor 
con?gurations connected to the output paths of the multi 
pleXer; each resistor con?guration being related to each 
other by the factor K. The programmable gain unit also 
comprises an output stage connected to the programmable 
gain ampli?er for amplifying and shifting the DC level of the 
output of the second ?lter stage to create the single-ended 
ampli?ed measured voltage. 

[0040] The signal conditioning unit includes a common 
mode voltage measurement stage for measuring a common 
mode voltage of the received voltages, and the processing 
unit includes: a calculator module for calculating the imped 
ance value; and, a calibrator module for correcting the 
calculated impedance value, the calibrator module applying 
a common-mode calibration step and an impedance calibra 
tion step. 

[0041] For a given calculated impedance value, the com 
mon-mode calibration step includes identifying the magni 
tude and phase of the measured common-mode voltage at a 
pre-de?ned measurement frequency and correcting the cal 
culated impedance value by subtracting a Weighted version 
of the measured common-mode voltage from the calculated 
impedance value, the Weight being de?ned by the amount of 
common-mode voltage rejection provided by the signal 
conditioning unit. 

[0042] Alternatively, for a given calculated impedance 
value, the common-mode calibration step includes identify 
ing the magnitude and phase of the measured common-mode 
voltage at a pre-de?ned measurement frequency and cor 
recting the calculated impedance value by subtracting a 
common-mode calibration value from a lookup table, the 
common-mode calibration value being indeXed by the mag 
nitude and phase of the measured common-mode voltage. 

[0043] For a given calculated impedance value, the imped 
ance calibration step includes correcting the calculated 
impedance value by applying an impedance calibration 
factor from a calibration table, the impedance calibration 
factor being indeXed by the gain that is applied by the 
programmable gain unit, the measurement frequency and the 
magnitude of the calculated impedance value. The imped 
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ance calibration factor may also be indexed by the phase of 
the calculated impedance value. 

[0044] The impedance module is connectable to a calibra 
tion board for generating the calibration table, the calibration 
board including a plurality of calibration resistors and a 
plurality of calibration capacitors selectively connectable 
With one another to form a plurality of calibration imped 
ances, Wherein the resistance of the plurality of calibration 
resistors are related to one another according to RD=R1*Kn 
and the capacitance of the calibration capacitors are related 
to one another according to CD=C1*Kn and calibration is 
performed at calibration frequencies related to one another 
according to Fn=F1*K“. 

[0045] The impedance module as de?ned above can be 
used for calculating the impedance of a body part of a patient 
or other biological entity. 

[0046] In a third aspect, the present invention provides a 
method of calculating the impedance of a body part, the 
method comprising: 

[0047] a) providing stimulus currents for injection 
into the body part, the stimulus currents comprising 
a current signal and a complementary current signal 
thereby forming a differential current signal; 

[0048] b) receiving voltages generated by the body 
part in response to the stimulus currents; 

[0049] c) pre-processing the received voltages and 
amplifying the received voltages to generate a mea 
sured voltage signal; and, 

[0050] d) calculating an impedance value based on 
the stimulus currents and the measured voltage sig 
nal. 

[0051] The complementary current signal is 180 degrees 
out of phase With respect to the current signal. 

[0052] The step of providing the stimulus currents option 
ally includes generating a ?rst current shield signal related 
to the current signal for shielding the ?rst current signal, and 
a second current shield signal related to the complementary 
current signal for shielding the complementary current sig 
nal. The ?rst current shield signal is related to the ?rst 
current signal by a gain factor, the gain factor being chosen 
to provide a negative capacitance. The second current shield 
signal is related to the complementary current signal by a 
gain factor, the gain factor being chosen to provide a 
negative capacitance. 
[0053] The frequency of the generated stimulus currents is 
given by FD=F1*Kn Where K is a constant and n is an integer 
greater than or equal to 2 and a plurality of gain levels are 
used for amplifying the received voltages, the gain levels 
being de?ned by Gn=G1*K“. 
[0054] The received voltages form a differential pair 
including a ?rst received voltage signal and a second 
received voltage signal, and the method further comprises 
optionally generating a ?rst voltage shield signal related to 
the ?rst received voltage signal for shielding the ?rst 
received voltage signal, and generating a second voltage 
shield signal related for the second received voltage signal 
for shielding the second received voltage signal. The ?rst 
voltage shield signal is related to the ?rst received voltage 
signal by a gain factor, the gain factor being chosen to 
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provide a negative capacitance. The second voltage shield 
signal is related to the second received voltage signal by a 
gain factor, the gain factor being chosen to provide a 
negative capacitance. 

[0055] The step of pre-processing the received voltages 
includes measuring a common-mode voltage of the received 
voltages and calculating the impedance value includes cor 
recting the calculated impedance value by applying a com 
mon-mode calibration step and an impedance calibration 
step. 

[0056] For a given calculated impedance value, the com 
mon-mode calibration step includes identifying the magni 
tude and phase of the measured common-mode voltage at a 
pre-de?ned measurement frequency and correcting the cal 
culated impedance value by subtracting a Weighted version 
of the measured common-mode voltage from the calculated 
impedance value, the Weight being de?ned by the amount of 
common-mode voltage rejection provided by the pre-pro 
cessing step. 

[0057] Alternatively, for a given calculated impedance 
value, the common-mode calibration step includes identify 
ing the magnitude and phase of the measured common-mode 
voltage at a pre-de?ned measurement frequency and cor 
recting the calculated impedance value by subtracting a 
common-mode calibration value obtained from a lookup 
table, the common-mode calibration value being indexed by 
the magnitude and phase of the measured common-mode 
voltage. 

[0058] For a given calculated impedance value, the imped 
ance calibration step includes correcting the calculated 
impedance value by applying an impedance calibration 
factor from a calibration table, the impedance calibration 
value factor being indexed by the gain level, the measure 
ment frequency and the magnitude of the calculated imped 
ance value. The impedance calibration factor may also be 
indexed by the phase of the calculated impedance value. 

[0059] The method as de?ned above can be used for 
calculating the impedance of a body part of a patient or other 
biological entity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0060] For a better understanding of the present invention 
and to shoW more clearly hoW it may be carried into effect, 
reference Will noW be made, by Way of example only, to the 
accompanying draWings Which shoW an exemplary embodi 
ment of the present invention and in Which: 

[0061] FIG. 1 is a block diagram of a medical diagnostic 
system for diagnosing the possibility of disease; 

[0062] FIG. 2 is a block diagram of an impedance module 
of the medical diagnostic system of FIG. 1; 

[0063] FIG. 3a is a block diagram of a current generator 
of the impedance module of FIG. 2; 

[0064] FIG. 3b is a circuit schematic of the single-ended 
to differential conversion unit of the current generator of 
FIG. 3a; 

[0065] FIG. 3c is a circuit schematic of the ?rst current 
generation module of the current generator of FIG. 3a; 
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[0066] FIG. 3a' is a circuit schematic of the second current 
generation module of the current generator of FIG. 3a; 

[0067] FIG. 36 is a circuit schematic of the output imped 
ance netWork of the current generator of FIG. 3a; 

[0068] FIG. 3f is a circuit schematic of the current shield 
generator of the current generator of FIG. 3a; 

[0069] FIGS. 3g-1 and 3g-2 shoW a circuit schematic of 
the exemplary embodiments of the sub-blocks of the current 
generator of FIG. 3a; 

[0070] FIG. 4a is a block diagram of the voltage process 
ing modules of the impedance module of FIG. 2; 

[0071] FIG. 4b is a circuit schematic of the differential 
input netWork of FIG. 4a; 

[0072] FIG. 5c is a circuit schematic of the differential 
voltage ampli?er of FIG. 4a; 

[0073] FIG. 5a' is a circuit schematic of the programmable 
gain ampli?er of FIG. 4a; 

[0074] FIG. 46 is a circuit schematic of the output stage of 
FIG. 4a; and, 

[0075] FIGS. 4f-1 and 4f-2 shoW a circuit schematic 
shoWing of the exemplary embodiments of the components 
of the voltage processing modules of the impedance module 
of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0076] Referring to FIG. 1, shoWn therein is a medical 
diagnostic system 10 for diagnosing the possibility of dis 
ease in one of a ?rst body part and a second substantially 
similar body part by utiliZing impedance measurements. The 
?rst body part and the second substantially similar body part 
can be a homologous anatomical pair, such as, for example, 
a right breast (i.e. the ?rst body part) and a left breast (i.e. 
the second body part). The medical diagnostic system 10 
interfaces to the parallel and serial data ports of a computing 
device 12 by means of a parallel and serial data cable, 
respectively, shoWn collectively as connection cable 14 
(standard IEEE-1284 parallel cables and RS-232 serial 
cables can be used). Alternatively, the medical diagnostic 
system 10 may be modi?ed to utiliZe a different means of 
connection to the computing device 12, as is commonly 
knoWn to those skilled in the art, such as a USB connection 
or the like. The computing device 12 may be a personal 
computer, laptop or other suitable computing device that is 
capable of running a medical diagnostic program 16 that 
employs the homologous impedance measurement method 
of detecting disease. The computing device 12 can also 
include means for printing and saving the data that is 
acquired by the medical diagnostic system 10. 

[0077] The medical diagnostic system 10 includes a main 
module 18, an impedance module 20 and a front-end module 
22. The front-end module 22 interfaces to a ?rst electrode 
array 24 and a second electrode array 26 via a ?rst cable 
connector 28 and a second cable connector 30 respectively. 
The ?rst and second cable connectors 28 and 30 may be 
ribbon cables or the like. The connectors 28 and 30 may be 
physically connected to one another at the ends that connect 
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With the front-end module 22 and then split apart from one 
another at the ends that connect With the ?rst and second 
electrode arrays 24 and 26. 

[0078] There are three types of signals pass through each 
electrode array 24 and 26: current, voltage and ground 
signals. Conductors for the ground signals are placed, Wher 
ever possible, betWeen conductors for every current and 
every voltage signal in order to isolate the current and 
voltage signals from each other. The ground signals also 
alloW for an electrical test to con?rm that the ?rst and second 
electrode arrays 24 and 26 have been attached correctly to 
the cable connectors 28 and 30. 

[0079] The computing device 12, When running the medi 
cal diagnostic program 16, provides information signals to 
the medical diagnostic system 10. In particular, the comput 
ing device 12 preferably provides information for measure 
ments performed by the front-end module 22, and the poWer 
delivered to the medical diagnostic system 10 via the 
parallel port. The parallel port is used to transfer data 
signals, control signals and status signals. The computing 
device 12 also communicates With the impedance module 20 
by signals transferred via the serial port. 
[0080] The main module 18 controls the operation of the 
medical diagnostic system 10 and is responsible for system 
interface, poWer supply management, and electrical isola 
tion. Accordingly, every other module (i.e. sub-system) of 
the medical diagnostic system 10 derives its poWer from the 
main module 18. The impedance module 20 is responsible 
for generating currents and measuring voltage signals. The 
front-end module 22 is responsible for selecting the appro 
priate electrodes on the ?rst and second electrode arrays 24 
and 26 to Which generated currents are sent to and measured 
voltage signals are obtained from. The ?rst and second 
electrode arrays 24 and 26 are in contact With the respective 
body parts in order to obtain voltage measurements for 
calculating the impedances of those body parts. 
[0081] The main module 18 includes an interface/control 
unit 32, a poWer supply unit 34 and an isolation unit 36. The 
interface/control unit 32 provides an interface betWeen the 
computing device 12 and the medical diagnostic system 10. 
In one embodiment, the interface/control unit 32 includes an 
RS-232 transceiver 38, a parallel port poWer generator 40 
and a diagnostic multiplexer 42. The RS-232 transceiver 38 
provides a bi-directional serial data link betWeen the com 
puting device 12 and the medical diagnostic system 10. 

[0082] The parallel port poWer generator 40 provides a 
parallel combination of several of the parallel-port signals to 
provide suf?cient current to initiate the operation of an AC 
line sWitch 44 Which resides Within the poWer supply unit 
34. Accordingly, the computing device 12 controls the 
amount of poWer that is delivered to the rest of the medical 
diagnostic system 10 via the parallel port connection. When 
poWer is established in the medical device system 10, a 
feedback connection can be used to maintain the poWer 
level. One bit may be used for this feedback. 

[0083] The diagnostic multiplexer 42 provides status 
information regarding the status of the medical diagnostic 
system 10 to the medical diagnostic program 16. The 
diagnostic multiplexer 42 can select diagnostic signals 
related to the connection betWeen the computing device 14 
and the main module 18 as Well as the quality of the poWer 
supply voltages that are provided by the poWer supply unit 
34. 




































