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Presné magnetické snimace
a jejich aplikace

Aplikace v lékarské technice
A. Platil (CVUT v Praze)

Tato prezentace je spolufinancovana Evropskym socialnim fondem a statnim rozpoétem Ceské republiky.
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* Dva konkrétni priklady vyzkumu

— Magnetopneumografie
* Cile
* Pouziti gradiometru
e Pouzité senzory
* Interpretace dat
e DalSi sméry vyzkumu
— Méreni objemu zaludku

 Metoda méreni a vysledky
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@ Magnetopneumografie

e \lysetreni zapraseni plic mag. prachem
1970s — D. Cohen (stinéni + SQUID)
e Kovoprumysl - brusici, svareci

* Postup:
— Magnetizace v DC poli
— Zmeéreni remanentniho pole plic

— Urceni mnozstvi a rozmisténi prachu v plicich

D. Cohen, Measurements of the magnetic fields produced by the human heart, brain and
lungs, IEEE Trans. Mag., Vol. MAG-11, No. 2 (Mar. 1975), 694-700
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Obr.: A.l. Braginski, prezentace na CNRS autumn school 2007
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* Globalneé: priblizné dipolovy charakter

* Lokalné: prevazné homogenni
— Gradient < 25pT/m
— Dlouhodobé variace < 25nT/rok
— Variace prevazné homogenni (bez gradientu)
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Definice
X
zjednodus$eni (pouze vertikalni slozka):

B,(z,)-B,(z)) g Noise

+
‘Zz —Z 2

Signal

gradB =

V nasem pripade:
dvé hodnoty pole zméreny nezavisle, odecteny v SW
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* |dealné: d —> 0 (gradient v bodé)
X
e Ale: konec¢né mald uroven sumu

+
* Vzajemné ovlivnéni FG sond =>d_.. 10 cm
(FG se zpétnovazebni kompenzaci pole)

X
* single-core FG gradiometer
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+ miniaturni rozmery
- nizka citlivost (rozsah +/- 500mT, diff. 6mT)
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Obr.: Melexis
Podobné: diferenéni GMR sondy NVE (AAOOx-02)
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0} Proton/Overhauser mag.

Skalarni méreni
Sum 0.01nT/sqrtHz @ 1Hz

Nelze v silném gradientu

Pouziti: archeologie, —
s 220

prospekce, geologie 2 X

Overhauser

GSM" 19 Magnetometer

Obr.: GEM Systems
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+ Nejcitlivejsi pouzivany senzor pole
sum 1fT/sqrtHz @ 1Hz

Nutnost kryotechniky (4.2K nebo H-Tc 77K)
- Stinéna mistnost, nebo gradiometr
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DC: nékolik vrstev materialu s vysokym mu (permalloy)

AC: 1-2 vrstvy s vysokou vodivosti (Al)

+ potlaceni vnejsiho pole 1000x i vice

- nakladné

Obr.: Ohtama Co., Ltd.

INVESTICE DO ROZVOJE VZDELAVANI



ick-u /\A /\ A(\ A
p p /\ AN //\ //\ /\ /\ |

S=r [T

i e S |
A

o ¥ i |
excitation d
pick-up (differential)

excitation

o pick-up (differential)

TR

I

excitation

/

‘v\/ \\

j
|
4
)v \Y
pick-up (homogenous)

INVESTICE DO ROZVOJE VZDELAVANI mopsﬂuwegf i : II




Ringcore (prstencova)

+Sum

+ Stabilni offset
+ Vyvazeni

- Demagnetizace

- Citlivost
- Kolmé pole
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Rod-core (tycova)
- Sum
+ Demagnetizace

+ Citlivost
+ Kolmé pole
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0, Sum fluxgate magnetometru

[ 1.19919 Hz

Y= 14,73 plrms/Hz .

LogMag P50 @

] Brid Div/Sori—

526z

610352 He

Top = 1.00029 Trms/MHz Se-@@5 dB/div  lindo! Hanning

File= Live
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Graph Stule —

Fill

Spektrum Sumu (PSD) prstencové fluxgate sondy v oblasti nizkych
frekvenci. Sum je typu 1/f, asi 15pT/sqrtHz @ 1Hz

25.6.2010

* % 3
*

*
* *

£ 4

E,

EVROPSKA UNIE il

o)
e

15



® Sum fluxgate gradiometru

[ 823.97 iz "= 350.7 pIn-lrns/iz_ ECCRIGEI - Format,
: H Loononon . . N A : : o Up/Dn
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Marker Width —

Nﬁﬁﬂ Wide
Spot
Marker Secks —

Ma<] Min

Mean

N4 Grid Div/scrm—,
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15.26 mHz 6.10352 Hz
Top = 1 Tm-Irw=/qHz 26010 dB/div  lWndo!  Hanning Graph Stule —
File= Live

Stop | -33 diU ‘m‘ Fill

Spektrum Ssumu (PSD) gradientniho signalu ze dvou prstencovych
sond, zdkladna je 10cm, Sum je 350 pT/m/sqrtHz at 1Hz.
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Dosavadni vysledky vyrazneé lepsi u analog.

e Sum analog. 15pT/sqrtHz @ 1Hz
e Sum digitalni 1nT/sqrtHz @ 1Hz

1.00708 Hz P= 1.079 nTrms/VHz LogMag PSD
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12.20703 Hz

Top = 29.521nTrme/4Hz 6 dB/div  Wndo! Hanning
Obr.: Cerman et al.: Sensors and Actuators A 121 (2005), 421-429
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0, Fluxgate vs. AMR

+ AMR miniaturni (mm AMR x cm Fluxgate)
- ALE: Fluxgate stale vyrazne lepsi nez AMR

[ 1lﬂ?ﬂ8Hz LI'-3IEE.HTI‘I‘I'ISN1'|Z Bl Lo- :- FoD |
[ iFlIF pul#e amplﬂunle 2]3:#
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Top = lTrms/AHz 18 dB/div  Wndo: B'H

Obr.: Vopalensky et al.: Sensors and Actuators A 106 (2003) 38—42
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* Kalibrace v gradientnim poli H. civek
Kg =17mV/(uT/m)

e Potlaceni homogenni odpoveéedi (falesny gradient
zpusobeny hom. polem)

K, = 0,035 (T/m)/T
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Magnetovani subjektu

R

Magnetovani subjektu‘(dobrO\_)oInika) v DC poli
Intenzita pole asi 0.2 T (MRI 1.5T - 3T)
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Tomek et al.: Sensors and Actuators A
132 (2006) 214-217
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0} Nemagnetické luzko

x 10
4
E
E 2 | |
S o
o
—Grad 1
-2 —Grad 2
19:00 0:00 5:00 10:00 15:00
Time [hr:min]
Polohovaci luzko: pohyb v X-Y roving, Obr: Tomek, Disertaéni prace,
magnetometr vertikalné na portalu CVUT v Praze 2009
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6-kanalovy magnetometr a zavés nad [Gzkem

Obr.: Tomek et al.: IEEE Sensor J. 2009, vol. 9, no. 4, p. 377-383.
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Figure 1. Modeled gradient;, 12" sensor Figure 2. Measured gradient,, closer sensor is18 cm from the bed
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Figure 3. Modeled gradient,, 4" - 5™ sensor Figure 4. Measured gradient,, closer sensor is 48 cm from the bed

Obr.: Tomek et al.: IEEE Sensor J. 2009, vol. 9, no. 4, p. 377-383.
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0, Mapa gradientniho pole

il
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Gradient 4 00s
= 0.0z
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Gradient 3
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n
4

Gradient 1
D2
0

Source

Obr.: Tomek, Platil: Sensor Letters 2009, vol. 7, no. 3, p. 423-428.
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Obr.: Tomek, Platil: Sensor Letters 2009, vol. 7, no. 3, p. 423-428.
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0, Diskrétni model plic

Obr.: Z. Jedli¢ka: Diplomova prace, CVUT v Praze 2010
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tmm, FG
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Mikrocastice — klasicka (DC) MPG

Meampie

Bﬂuugate

BSQUID

F.Ludwig et al., IEEE TRANS. MAG., VOL. 45, NO. 10,
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relaxation signal B (t) (nT)

Detekce (superparamagnetickych) nanocastic — AC / pulsni metody

80

140 pL Resovist, 1:30
60 —— fluxgate MRX system |
------ SQUID MRX system

magnetic moment m(t) (nA mz)

0 0.1 tin?é2(s) 0.3
OCTOBER 2009, 4857
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el Agilent Technologies

GEN
0.1 Hz Qo
200 uTT AC field — s
Fluxgate L, X ¥
sensors £ | @ | — |
Positioning
° some|  oscl [T
|| I——e AMP. °0
o ©0SC
&%J xou| |® o5 s
Y SR-830 G © A SR7265
Fluxgate excitation 454 ock-in amplifier 2nd Lock-in amplifier

10 kHz, 350mA pp

0,6ml = 10mg Endorem
Obr.: Janosek et al.: Journal of Applied Physics 2009, vol. 105, no. 7, p. 7E717
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Meéreni objemu zaludku

(Indukéni méreni vzdalenosti in vivo)
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0, Meéreni objemu zaludku

e Ugel: Fizeni stimulace zaludku ,, pacerem” u morbidné
obéznich pacientu (USA)

e Lepsi vysledky pfi stimulaci podle situace (namisto
trvalé stimulace)

* Problém: méreni objemu (vzdalenosti) in vivo
* Nelze ,kontaktnimi® senzory -> indukcni princip
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Externi elektronika + induk¢ni senzory vzdalenosti na sténé zaludku
Vysilac-pfijimac: indukované napéti ~ vzdalenost
Vzdalenost -> objem Zaludku
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sensing coil,

1l /”with ferrite core

_transmitting coil

generator| ref. | synchr. -\
sin+ref det.+amp. LP

FIFO/ micro
USB processor

PC < ADC

Obr: J.Tomek, Disertaéni prace, CVUT v Praze 2009
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pick-up coil

driving coil
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(D ~m— Parallel - 30mm | 4 i —=—Parallel - 30mm | |
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Sensor angular deviation f [°] Transverse displacement in Y-axis [mm]

Induced voltage [1V]
Induced voltage [1V]
I~

Vliv uhlové odchylky Vliv pricné odchylky
(ne-koaxialni civky) (ne-koaxialni civky)

Obr.: Tomek et al.: Sensors and Actuators A 142 (2008) 34-39.
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coating

three shielded Teflon
coated cables

M = \/x2+y2+z2,

Obr.: Tomek et al.: Sensors and Actuators A 142 (2008) 34-39.

** % hd [T
Kﬁrl: ="
INVESTICE DO ROZVOJE VZDELAVANI MOPSMUN'EEf | -




Triosym meérenim lze docilit snizeni chyby
vzdalenosti (mensi zavislost na koaxialité)

 ——Yadis

—=— X axis !
——7 a)is 50 — Three-a;dal sensor D
H (theoretical)
—> Total vector N
‘ 40 | &, ——Three-axial sensor 30 mm - - — -
] a5 L
20

=

10
%miﬂer angular deviation « [°]
0 ; . . ’ ’

0 20 40 60 80 100 0 10 20 30 40 50 60 70 80 9%
Transmitter angular deviatlion « [°]

/

Relative error [%]

Induced voltage [uV]
o =2 N W & 00 O N o

i

Obr.: Tomek et al.: Sensors and Actuators A 142 (2008) 34-39.
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Testy in vivo na psech (Veterans’ Administration Hospital in Oklahoma City )
Signal o poloze po konzumaci potravy

N
~

N
N

N
o

Distance [mm]

[EY
[oe]

—LP filtered
—Raw data

[y
(<2}

|

o

Time [minutes]

Obr: J.Tomek, Disertaéni prace, CVUT v Praze 2009
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Magnetism The SQUID Handbook
in Medicine

A Handbook

Vol. 1 Fundamentals and Technclogy of SQUIDs
Second, Completely Revised and Enlarged Edition and SQUID Systems

Andra, Nowak (eds.) Clarke, Braginski (eds.) Ripka (ed.)
ISBN 978-3-527-40558-9 ISBN 978-3-527-40408-7 ISBN 978-1-58053-057-6
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