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Introduction

m Reliable methods of non-contact respiratory
monitoring are needed for applications such as
sleep and apnea monitoring

m Electromagnetic sensors provide a non-contact
method of measuring changes in conductivity
associated with respiratory and cardiac activity
but they suffer from low signal strength and
are highly subjective to noise
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Background Information

m Commonly used respiratory monitoring techniques
Respiratory inductance plethysmography
Impedance plethysmography
Photoplethysmography
Flow sensors (temperature, CO,, humidity, or sounds)

m Methods of non-contact respiratory monitoring

Electromagnetic sensors, pressure sensors, ultrasonic
sensors, thermal infrared 1maging, microwave antenna,

CCD camera
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Background Information:
Electromagnetic Sensors

Electromagnetic sensors have been developed and studied for
magnetic induction tomography or to measure:
the conductivity of the head and torso [Tarjan and McFee 1968]
changes in brain conductivity [Hart et al 1988][Netz et al 1993]
cardiac related conductivity changes [Guardo et al 1995][Guardo et al 1997]
respiratory and cardiac activities [Richer and Adler 2005][Steffen et al 2007]

Various coil arrangements have been investigated (eg. an
excitation coil and one or more receiving coils mounted axially
or normally)

There are different approaches to theoretically model the
behaviour of these sensors, but the validation of theoretical
models 1s lacking and the sensor designs are not generally
optimized based on the models
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Problem Statement

m We seek to investigate the sensitivity of single coil
electromagnetic sensors for measuring breathing

m Objectives:

Develop a theoretical model of coil sensitivity to nearby
conductivity changes

Develop a model of oscillator circuit sensitivity from which
optimal component values may be selected

Design and interpret the electrical circuits used as
oscillators

Conduct phantom tests to evaluate the sensitivity of the
sensor and validate the theoretical model

Conduct 1n vivo tests to measure lung volume changes with
the sensor and to compare these to the theoretical model

6



Theoretical Model: Derivation
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m We take the body to be a
constant arbitrary shape and
we model the lung as a
conductive sphere

m Our current carrying coil 1s
centred below the sphere

m The theoretical model uses a

stmilar approach as [Hart et al
1988]



Theoretical Model: Derivation
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m Use the Biot-Savart law to find the
magnetic field

U, NR J-zfr (R—scos ¢)d¢ P

B (s,z, N,R) =
: ) A4 J0 (s2+R2+z2—2sRcos¢)3/2

m The electric field i1s found using
Faraday’s law

m The current density at each point 1s then
given by Ohm’s law



Theoretical Model: Derivation
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. m The conductive sphere 1s broken into
/ very thin disks and summed

m Each disk 1s modeled as concentric

eddy current carrying loops
m The axial magnetic field induced at the
plane of the coil by each element of
“ " eddy current 1s then calculated



Theoretical Model: Derivation

m The induced magnetic field causes a change 1n the
magnetic flux inside a loop of the coil giving an
electromotive force (EMF)

m The EMF can be seen by the coil as an effective
series impedance AZ

Z =270*N (0 + joe, )j j j j"ﬁB (5,2, N,R)B_(s’, 2.1, p)dsd pdzd s’ ¢

AZ < @°N’AcF,, (R)
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Theoretical Model: Implementation

m B (5,z,N,R) 1s integrated symbolically
m The rest of the integration 1s performed numerically

Impedance = —w?N - Flur

R 2
Flur = f ] 5 - B:nducedfh‘f\ dpds'
Bfnducedr:-qxj — f f SN l [ .“:jt’:i.rjr_?i'f.“:

*”J” *] — "j+ .i""’-’f‘ﬂ Efnducedlr 11
Ernduced(p, 2) = 2, B, N)dods
|J|f)
B(s,z, R, N) = V. R Jin elliptic integral form

m We want to maximize AZ.
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Electronic Design
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Electronic Design: Colpitts
Oscillator
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Electronic Design: Relaxation
Oscillator

R,

J R >Ry S =33

. R
if R, =R,, f =~ -

R,
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Electronic Design: Relaxation
Oscillator

1

Jar = 1 2R 1 AZ 2R, +3R
2L In . In| 2% 4 2 TN
R +AZ | R —-AZ R |R, +AZ 2R, 2R, +2R,

R, + AZ
if R, > R,, f = —
SR 2> f 2L1n 3.3
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Electronic Design

Colpitts Oscillator

m Maximize 1, d, N

m Minimize R, C

m Best R at R~4.5cm

Coil

m Chose R=4.6cm,
N=10

Relaxation Oscillator

m Maximize R,
m Minimize N, R
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Experiments: Phantom Trials
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Experiments: Phantom Trial
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Experiments: Phantom Trial
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Experiments: Phantom Trial
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Experiments: In Vivo
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Experiments: In Vivo
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Summary of Contributions

m A theoretical model was developed to predict the changes that
a single coil sensor would experience from conductivity
variations of the thorax caused by respiration

m Several oscillator circuits were investigated, two circuit
designs were chosen, analysed, and modeled in terms of
relative change 1n frequency, and components were selected to
optimize the sensitivity

m The theoretical electromagnetic and electronic models were
tested with phantom trials

m The feasibility of using a single coil sensor to measure changes
in lung volume was tested with 1n vivo trials
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Theoretical Model: Implementation

AZ

— versus R
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Electronic Design: Relaxation
Oscillator
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Experiments: In Vivo

m The averages and standard deviations of
frequency changes from the lung manoeuvers

TLC 1 Litre 400 mL

I T I T T F

[ Af (W) | 260 [ 200 | 124 [ 100 || 99 [ 73
Colpitts 31 10° | 203 | O1 | 54 | 82 || 43 | 32
e oeoe | AJ (W) | 3517 | 2520 | 1130 | 2428 | 510 | 405
xatlon PRI TI0F | 860 | 698 || 280 | 600 | 126 | 100

m The probability that the measured frequency
changes could be explained by noise

TLC 1 Litre | 400 mL
Colpitts 534107 | 8.7-107° | 2.26-10°°
Relaxation | 5.99-107° | 6.20-1072 | 5.41-10*




