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Magnetic Induction Tomography
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The MIT Signal

Primary and secondary magnetic fields detected — primary signal Vo,
secondary signal AV

Vo Re(AV)

Phase AB - conductivity Im(AV) x wo

Amplitude - permittivity, permeability | Re(AV) < w?e,€



Electromagnetic Spectrum
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Electromagnetic Tomographies
EIT, ECT, EFT, MIT

Imaging of the electrical properties of objects
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Electromagnetic Tomographies
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Magnetic Induction Tomography (MIT)

Coils, Non-contact — apply magnetic field, detect magnetic field
Measures conductivity o, permittivity €, permeability p



A single channel MIT system
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The MIT Signal and Phase Precision

Vo Re(AV)
e n

From modelling study ¥

Large peripheral stroke - 70m° maximum
Small peripheral - 14m° maximum
Small deep - 4m°® maximum

Phase measurement precision required 1m° or better

1) “Detection of haemorrhagic cerebral stroke by magnetic induction tomography: FE and TLM numerical modelling ”, M. Zolgharni,
P.D. Ledger, D.W. Armitage, H. Griffiths and D.S. Holder, 2008 Electrical Impedance Tomography Conference, Dartmouth College,
Hanover, USA
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Conductivity of biological tissue
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Phase Measurement

At low Frequency

Detected

signal
g (X)
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Low Frequency| | ® Linear Phase Detector
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Reference Measurement
signal I: device e XOR-based

(

Local oscillator

signal 2
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Phase Measurement

Direct conversion
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Direct Conversion Systems
Cardiff Mkll MIT System

e 12-bit ADC resolution
e 60MS/s Sample rate
e Measurement time: 16ms

« 220 point DFT implemented in
LabView and running on a
GPU

Performance:

e < 1m° phase precision @ full-scale input

e 466ms/channel measuring & processing time
e 400ms transfer time
e ~50ms processing time (GPU)
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I/\l

FPGA-based Direct Conversion

Single signal cycle averaging with 12x oversampling
|/Q demodulation
| and Q results stored in FIFO buffer

ADC N Accumulator —> /Q —  FIFo

Demodulation

e 14-bit ADC resolution
e 120MS/s Sample rate
e Measurement time: 16ms

Performance:

* < 1m° phase precision @ full-scale input

e 16.6ms/channel measuring & processing time
* 0.4ms transfer time
e 167ns processing time (FPGA)
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Red Pitaya FPGA Board

Fast analog inputs
{2 ch.@ 125 M5/, 14 bits)

Analog Sig extension connector
Low speed ADCs {4 ch. @ 100 k5=, 12 bits)
Low speed DACS {4 ch. @ 100 k5=, 12 bits)

Fast analog outputs....”
{2 ch. @ 125 M5/s, 14 bits)

Digital sig. extension connector
‘]E FFGA GPIDS .................... =

Remote access
(Ethernet 1Ghb/z) "l“”H",

USB port
UssoTE) %

Dual core ARM Cortex A9+ FPGA
{Zyng 50C)

DDR3 RAM 512MB (4Gb)

Daisy chain connector
Console

{micro USB)

System & FPGA image
L1y *s (micro 50 card)
Power ., % °

(micro USB)
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System Overview

System on Chip (SoC)

PC

Analoges Frontend

Programmierbare Logik Prozessor System

Data-Avail- )
Interrupt
- TP-Filter AD? Sekundarfeld-Signal TP-Filter I-Anteil des
> BW : 50MHz Ll (Dezimation) Sekundarfeld-Signals S
125MSPs
Phasenberechnung & Kontrolle
fir MeRsignal
TP-Filter Q-Anteil des

(Dezimation) Sekundérfeld-Signals

Berechnung der MODBus TCP Labview-Tool

Phasendifferenz

TP-Filter I-Anteil des
(Dezimation) Primarfeld-Signals
Phasenberechnung A
fir Ref iznal Visualisierung
ur Reterenzsigna & Speicherung
TP-Filter ADC Primérfeld-Signal TP-Filter Q-Anteil des der Daten
: 14Bit (Dezimation) Primarfeld-Signals
BU= S0MHz 125MSPs

CXo »

+90°

. DAC
T Bw - sowe 14t o <
: 125MsPs

Sample rate: 125MS/s; Full-scale input: 2V, Bandwidth = 50MHz
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Results
Phase Precision vs. Signal Amplitude
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Vier = Wopi Vsignar = 1mVyy, — 1V,p; f = 10MHz; Measurement time = 16,67ms
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Results
Phase Precision vs. Frequency
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Comparison

Sample Rate 60MSps 120MSps 125MSps
ADC Resolution  12-bit 14-bit 14-bit
Acquisition 17.47ms 17.47ms 16.67ms
Phase precision 0.7 —60m° 0.36 —342m° 0.16 —9.5m°
Phase drift 3m° 3.2m° thd

Phase linearity  0.9999 0.9999 tbd

Gain stages 1, 6,30,120 1 1
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Applications

MIT in process monitoring
Multiphase flows
Glass production
Metal production

Magnetic Induction Spectroscopy
Non-destructive testing of biological tissues

MIT medical applications
Cerebral haemorrhage detection




Non-destructive testing of

biological tissues
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MIT Systems

Cardiff Mk lla Cardiff Mk Ilb Cardiff Mk llc

Detectio coil g Excitation coil

Single Channel
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